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(57) ABSTRACT

The invention is directed to compositions, e.g., cell-based and
multiplexed platforms, to screen for small molecule drugs
that inhibit enzymes such as proteases, e.g., viral proteases,
e.g., HIV proteases; and methods for making and using these
compositions. The invention provides compositions and
methods for identifying compositions, e.g., drug molecules,
that can inhibit proteases, e.g., viral proteases such as HIV
proteases. In alternative embodiments, the invention provides
cell-based platforms or assays to screen for compositions,
e.g., small molecules or drugs, that inhibit or modify the
activity of enzymes such as calcium-dependent protein con-
vertases involved in HIV envelope protein processing, includ-
ing cleavage of the HIV gp160 envelope precursor, resulting
in gp120 and gp41 envelope products. In one embodiment,
the invention provides a cell-based or multiplexed platform
for monitoring the activity of enzymes, e.g., proteases such as
viral proteases.
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1
COMPOSITIONS AND METHODS FOR
IDENTIFYING ENZYME AND TRANSPORT
PROTEIN INHIBITORS

RELATED APPLICATIONS

This application claims the benefit of priority under 35
U.S.C. §119(e) of U.S. Provisional Application No. 61/385,
091, filed Sep. 21, 2010. The aforementioned application is
expressly incorporated herein by reference in its entirety and
for all purposes.

TECHNICAL FIELD

This invention relates to molecular and cellular biology,
biochemistry, molecular genetics, and drug design and dis-
covery. In one aspect, the invention is directed to composi-
tions, e.g., multiplexed platforms or systems, to screen for
small molecule drugs that inhibit enzymes such as proteases,
e.g., viral proteases, including viruses of the Flaviviridae or
Retroviridae families, such as human immunodeficiency
virus (HIV), Hepatitis C Virus (HCV) and Dengue Virus
(DenV). In one embodiment, the invention provides a cell-
based or multiplexed platform for monitoring the activity of
enzymes, e.g., proteases such as viral proteases.

BACKGROUND

Current treatments for viral disease, e.g., human immuno-
deficiency virus (HIV), include inhibitors of proteases, e.g.,
HIV proteases; but these inhibitors can have severe side
effects. Also, there has been a rapid emergence of viral, e.g.,
HIV, strains that are drug resistant, e.g., insensitive to cur-
rently used viral protease inhibitors, including HIV protease
inhibitors.

HIV-1 protease, an aspartyl protease, is required for the
efficient processing of the Gag and Gag-Pol precursor
polyproteins; a critical step in the viral life cycle. For this
reason, targeting protease has long been the focus of anti-
retroviral therapy. However, aside from its proteolytic activ-
ity, its effects on the host cell are still unclear. Cytotoxic
effects, together with instability, render expression of pro-
tease in mammalian cells difficult. Elucidating the role of
protease in the viral life cycle, as well as discerning its effects
on the host machinery, is vital for the design of novel thera-
peutic approaches.

A processive HIV-1 RNA-dependent RNA polymerase
prone to errors, the emergence of resistant strains, and lack of
vaccines, highlight the need for novel antivirals and innova-
tive methods to facilitate their discovery.

SUMMARY

In alternative embodiments, the invention provides cell-
based methods, cell-based platforms or systems, or multi-
plexed platforms or systems, for monitoring the activity of an
enzyme, a protease, a viral protease, or an HIV-1 protease, or
Hepatitis C Virus (HCV) or Dengue Virus (DenV) protease,
comprising (or made by a method comprising):

(1) (a) providing a nucleic acid encoding a scatfold protein
(or one or more scaffold proteins) operatively linked to a
transcriptional regulatory unit, wherein the scaffold protein
comprises:

(1) an amino acid motif or subsequence susceptible to

cleavage by the enzyme, protease, viral protease or
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HIV-1 protease, or Hepatitis C Virus (HCV) or Dengue
Virus (DenV) protease, under physiologic (cell culture)
conditions;

(ii) a transmembrane domain;

(iii) a signal sequence or any amino acid motif that places
the scaffold protein or proteins on the extracellular sur-
face of the cell; and

(iv) a detectable moiety,

wherein the amino acid motif or subsequence susceptible
to cleavage by the enzyme, protease, viral protease or
HIV-1 protease, or Hepatitis C Virus (HCV) or Dengue
Virus (DenV) protease, is positioned within the scaffold
protein such that when the detectable moiety is cleaved
away from (off from) the scaffold protein by the enzyme,
protease, viral protease or HIV-1 protease, or Hepatitis C
Virus (HCV) or Dengue Virus (DenV) protease, the
remaining subsequence of scaffold protein on the extra-
cellular surface of the cell lacks the detectable moiety;

(b) providing a nucleic acid encoding the enzyme, pro-
tease, viral protease or HIV-1 protease, or Hepatitis C Virus
(HCV) or Dengue Virus (DenV) protease, operatively linked
to a transcriptional regulatory unit, or a cell that expresses a
heterologous or endogenous enzyme, protease, viral protease
or HIV-1 protease, or Hepatitis C Virus (HCV) or Dengue
Virus (DenV) protease;

(c) inserting (transfecting) the nucleic acid of (a) and (b)
into the cell if the cell does not already express a heterologous
or endogenous enzyme, protease, viral protease or HIV-1
protease, or Hepatitis C Virus (HCV) or Dengue Virus
(DenV) protease;

(d) co-expressing the nucleic acid of (a) and (b) in the cell,
or expressing the nucleic acid of (a) in the cell if the cell
already expresses a heterologous or endogenous enzyme,
protease, viral protease or HIV-1 protease, or Hepatitis C
Virus (HCV) or Dengue Virus (DenV) protease; and

(e) determining whether the scaffold protein comprising
the detectable moiety is expressed on the extracellular surface
of the cell,

wherein an intact scaffold protein comprising the detect-
able moiety is expressed on the extracellular surface of the
cell when the enzyme, protease, viral protease or HIV-1 pro-
tease, or Hepatitis C Virus (HCV) or Dengue Virus (DenV)
protease is not enzymatically active, and an intact scaffold
protein is not or is substantially less expressed on the extra-
cellular surface of the cell when the enzyme, protease, viral
protease or HIV-1 protease, or Hepatitis C Virus (HCV) or
Dengue Virus (DenV) protease is enzymatically active (the
detectable moiety is cleaved off by the enzyme, protease,
viral protease or HIV-1 protease, or Hepatitis C Virus (HCV)
or Dengue Virus (DenV) protease);

(2) the cell-based method, cell-based platform or system or
multiplexed platform of (1), wherein the scaffold protein
further comprises an endoplasmic reticulum (ER) retention
motif or a KDEL (SEQ ID NO:1) motif,

wherein the ER retention motif or KDEL (SEQ ID NO:1)
motif'is positioned in the scaffold protein such that when PR
is active the scaffold will be separated into two pieces, leaving
the ER retention motif-comprising or KDEL (SEQ ID NO:1)
motif-comprising portion of the polypeptide in the ER and
freeing the detectable moiety-comprising portion to the cell’s
extracellular membrane, and if PR is blocked or inactive, the
entire scaffold polypeptide will be retained in the ER, and as
a consequence will not be detected on the cell’s extracellular
surface;

(3) the cell-based method, cell-based platform or system or
multiplexed platform of (1) or (2), wherein the scaffold pro-
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tein further comprises a p2/p7 recognition site imbedded in
the cytoplasmic loop of the scaffold;

(4) the cell-based method, cell-based platform or system or
multiplexed platform of any of (1) to (3), further comprising
screening for an inhibitor of an enzyme, a protease, a viral
protease or an HIV-1 protease, or Hepatitis C Virus (HCV) or
Dengue Virus (DenV) protease by:

(a) providing a compound to be screened as an inhibitor of
an enzyme, a protease, viral protease or HIV-1 protease,
or Hepatitis C Virus (HCV) or Dengue Virus (DenV)
protease, or providing a nucleic acid to be screened as
encoding an inhibitor of an enzyme, a protease, viral
protease or HIV-1 protease, or Hepatitis C Virus (HCV)
or Dengue Virus (DenV) protease;

(b) contacting a plurality of the cells with the compound or
nucleic acid of (a) either before, during and/or after the
co-expressing the nucleic acid in the cell; and

(c) determining whether the scaffold protein comprising
the detectable moiety is expressed on the extracellular
surface of the cell,

wherein an intact scaffold protein comprising the detect-
able moiety is expressed on the extracellular surface of
the cell when the enzyme, protease, viral protease or
HIV-1 protease, or Hepatitis C Virus (HCV) or Dengue
Virus (DenV) protease, is inhibited by: the compound, a
composition encoded by the nucleic acid, oracompound
present in the cell only because the nucleic acid was
expressed, and an intact scaffold protein is not or is
substantially less expressed on the extracellular surface
of the cell when the enzyme, protease, viral protease or
HIV-1 protease, or Hepatitis C Virus (HCV) or Dengue
Virus (DenV) protease, is enzymatically active (the
detectable moiety is cleaved off by the enzyme, pro-
tease, viral protease or HIV-1 protease, or Hepatitis C
Virus (HCV) or Dengue Virus (DenV) protease) and the
enzymatic activity of the enzyme, protease, viral pro-
tease or HIV-1 protease, or Hepatitis C Virus (HCV) or
Dengue Virus (DenV) protease, is not significantly
inhibited by: the compound, a composition encoded by
the nucleic acid, or a compound present in the cell only
because the nucleic acid was expressed;

(5) the cell-based method, cell-based platform or system or
multiplexed platform of any of (1) to (4), further comprising
running a negative control comprising dividing the plurality
of'the cells co-expressing the nucleic acid of (a) and (b) in the
cell and not adding the compound to be screened as an inhibi-
tor to one of the divided cell samples;

(6) the cell-based method, cell-based platform or system or
multiplexed platform of any of (1) to (5), further comprising
running a positive control comprising dividing the plurality of
the cells co-expressing the nucleic acid of (a) and (b) in the
cell and adding a known inhibitor of the enzyme, protease,
viral protease or HIV-1 protease, or Hepatitis C Virus (HCV)
or Dengue Virus (DenV) protease, to one of the divided cell
samples;

(7) the cell-based method, cell-based platform or system or
multiplexed platform of any of (1) to (6), wherein the amino
acid motif or subsequence susceptible to cleavage by the
HIV-1 protease under physiologic (cell culture) conditions
comprises SEQ ID NO:3 or SEQ ID NO:4;

(8) the cell-based method, cell-based platform or system or
multiplexed platform of any of (1) to (7), wherein the HIV-1
protease comprises SEQ ID NO:5 or SEQ ID NO:6;

(9) the cell-based method, cell-based platform or system or
multiplexed platform of any of (1) to (8), wherein the tran-
scriptional regulatory unit comprises a promoter, an inducible
promoter or a constitutive promoter;
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(10) the cell-based method, cell-based platform or system
or multiplexed platform of any of (1) to (9), wherein the cell
is a mammalian cell, a monkey cell or a human cell, or a
lymphocyte or a hepatocyte, or a T cell, and optionally the
cells are genetically bar-coded;

(11) the cell-based method, cell-based platform or system
or multiplexed platform of any of (1) to (10), wherein the
scaffold proteins comprise all or part of a mouse Lyt2 or a
human CDS polypeptide;

(12) the cell-based method, cell-based platform or system
or multiplexed platform of any of (1) to (11), wherein the
detectable moiety comprises an epitope for an antibody, or a
FLAG tag;

(13) the cell-based method, cell-based platform or system
or multiplexed platform of any of (1) to (12), wherein the
detectable moiety is detected or measured on the extracellular
surface of the cell by a high throughput screen, a plate-reader,
a flow cytometry or microscope visualization;

(14) the cell-based method, cell-based platform or system
or multiplexed platform of any of (1) to (13), wherein the
compound to be screened as an inhibitor of the enzyme,
protease, viral protease or HIV-1 protease, or Hepatitis C
Virus (HCV) or Dengue Virus (DenV) protease, comprises a
small molecule, a nucleic acid, a polypeptide or peptide, a
peptidomimetic, a polysaccharide or a lipid;

(15) the cell-based method, cell-based platform or system
or multiplexed platform of any of (1) to (14), wherein the
compound to be screened as an inhibitor of the enzyme,
protease, viral protease or HIV-1 protease, or Hepatitis C
Virus (HCV) or Dengue Virus (DenV) protease, is a member
of a library of compounds to be screened, or a member of a
random peptide library or a chemical compound library;

(16) the cell-based method, cell-based platform or system
or multiplexed platform of any of (1) to (15), wherein the
protease or enzyme is an HIV-1 protease, or a viral, a micro-
bial or a mammalian protease or enzyme, or a NS2/NS3 or
NS3/NS4A protease of HCV, or any Hepatitis C Virus (HCV)
or Dengue Virus (DenV) protease, or a West Nile Virus, a
Yellow Fever Virus, or any Flaviviridae virus; or

(17) the cell-based method, cell-based platform or system
or multiplexed platform of any of (1) to (16), wherein two or
more, or a plurality of, enzymes or proteases are screened in
the same cell, wherein optionally they are variants of the same
enzyme or protease, or different enzymes or proteases, or a
combination thereof.

In alternative embodiments, the invention provides cell-
based platforms, multiplexed platforms or systems, or cell-
based methods, for monitoring the activity of an enzyme or a
protease comprising (or made by a method comprising):

(1) (a) providing a nucleic acid encoding a scaffold protein
(or one or more scaffold proteins) operatively linked to a
transcriptional regulatory unit, wherein the scaffold protein
comprises:

(1) an amino acid motif or subsequence susceptible to

cleavage by the enzyme or protease under physiologic
(cell culture) conditions;

(ii) a transmembrane domain;

(iii) a signal sequence or any amino acid motif that places
the scaffold protein or proteins on the extracellular sur-
face of the cell; and

(iv) a detectable moiety,

wherein the amino acid motif or subsequence susceptible
to cleavage by the enzyme or protease is positioned
within the scaffold protein such that when the detectable
moiety is cleavage away from (off from) the scaffold
protein by the enzyme or protease the remaining subse-
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quence of scaffold protein on the extracellular surface of
the cell lacks the detectable moiety;

(b) providing a nucleic acid encoding the protease opera-
tively linked to a transcriptional regulatory unit, or a cell that
expresses a heterologous or endogenous enzyme or protease;

(c) inserting (transfecting) the nucleic acid of (a) and (b)
into the cell if the cell does not already express a heterologous
or endogenous enzyme or protease;

(d) co-expressing the nucleic acid of (a) and (b) in the cell,
or expressing the nucleic acid of (a) in the cell if the cell
already expresses a heterologous or endogenous enzyme or
protease; and

(e) determining whether the scaffold protein comprising
the detectable moiety is expressed on the extracellular surface
of the cell,

wherein an intact scaffold protein comprising the detect-
able moiety is expressed on the extracellular surface of the
cell when the protease is not enzymatically active, and an
intact scaffold protein is not or is substantially less expressed
on the extracellular surface of the cell when the enzyme or
protease is enzymatically active (the detectable moiety is
cleaved off by the enzyme or protease); or

(2) the cell-based platform, multiplexed platform or sys-
tem, or cell-based method of (1), wherein the scaffold protein
further comprises an endoplasmic reticulum (ER) retention
motif or a KDEL (SEQ ID NO:1) motif,

wherein the ER retention motif or KDEL (SEQ ID NO:1)
motif is positioned in the scaffold protein such that when
enzyme or protease is active the scaffold will be separated
into two pieces, leaving the ER retention motif-comprising or
KDEL (SEQ ID NO:1) motif-comprising portion of the
polypeptide in the ER and freeing the detectable moiety-
comprising portion to the cell’s extracellular membrane, and
if enzyme or protease is blocked or inactive, the entire scaf-
fold polypeptide will be retained in the ER, and as a conse-
quence will not be detected on the cell’s extracellular surface;

(3) the cell-based platform, multiplexed platform or sys-
tem, or cell-based method of (1) or (2), further comprising
screening for an inhibitor of an enzyme or a protease by:

(a) providing a compound to be screened as an inhibitor of
anenzyme or a protease, or providing a nucleic acid to be
screened as encoding an inhibitor of an enzyme or a
protease;

(b) contacting a plurality of the cells with the compound or
nucleic acid either before, during and/or after the co-
expressing the nucleic acid in the cell; and

(c) determining whether the scaffold protein comprising
the detectable moiety is expressed on the extracellular
surface of the cell,

wherein an intact scaffold protein comprising the detect-
able moiety is expressed on the extracellular surface of
the cell when the enzyme or protease is inhibited by: the
compound, a composition encoded by the nucleic acid,
or a compound present in the cell only because the
nucleic acid was expressed, and an intact scaffold pro-
tein is not or is substantially less expressed on the extra-
cellular surface of the cell when the enzyme or protease
is enzymatically active (the detectable moiety is cleaved
off by the enzyme or protease) and the enzymatic activ-
ity of the enzyme or protease is not significantly inhib-
ited by: the compound, a composition encoded by the
nucleic acid, or a compound present in the cell only
because the nucleic acid was expressed;

(4) the cell-based platform, multiplexed platform or sys-
tem, or cell-based method of any of (1) to (3), further com-
prising running a negative control comprising dividing the
plurality of the cells co-expressing the nucleic acid of (a) and
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(b) in the cell and not adding the compound to be screened as
an inhibitor to one of the divided cell samples;

(5) the cell-based platform, multiplexed platform or sys-
tem, or cell-based method of any of (1) to (4), further com-
prising running a positive control comprising dividing the
plurality of the cells co-expressing the nucleic acid of (a) and
(b) in the cell and adding a known inhibitor of the enzyme or
protease to one of the divided cell samples;

(6) the cell-based platform, multiplexed platform or sys-
tem, or cell-based method of any of (1) to (5), wherein the
transcriptional regulatory unit comprises a promoter;

(7) the cell-based platform, multiplexed platform or sys-
tem, or cell-based method of any of (1) to (6), wherein the
transcriptional regulatory unit comprises an inducible pro-
moter or a constitutive promoter;

(8) the cell-based platform, multiplexed platform or sys-
tem, or cell-based method of any of (1) to (7), wherein the cell
is a mammalian cell, a monkey cell or a human cell, or a
lymphocyte or a hepatocyte, or a T cell, and optionally the
cells are genetically bar-coded;

(9) the cell-based platform, multiplexed platform or sys-
tem, or cell-based method of any of (1) to (8), wherein the
scaffold proteins comprise all or part of a mouse Lyt2 or a
human CDS polypeptide;

(10) the cell-based platform, multiplexed platform or sys-
tem, or cell-based method of any of (1) to (9), wherein the
detectable moiety comprises an epitope for an antibody, or a
FLAG tag;

(11) the cell-based platform, multiplexed platform or sys-
tem, or cell-based method of (10), wherein the detectable
moiety is detected or measured on the extracellular surface of
the cell by a high throughput screen, a plate reader, a flow
cytometry or a microscope visualization;

(12) the cell-based platform, multiplexed platform or sys-
tem, or cell-based method of any of (1) to (11), wherein the
compound to be screened as an inhibitor of protease com-
prises a small molecule, a nucleic acid, a polypeptide or
peptide, a peptidomimetic, a polysaccharide or a lipid, or,
wherein the compound to be screened as an inhibitor of pro-
tease is amember of a library of compounds to be screened, or
a member of a random peptide library or a chemical com-
pound library;

(13) the cell-based platform, multiplexed platform or sys-
tem, or cell-based method of any of (1) to (12), wherein the
protease or enzyme is an HIV-1 protease, or a viral, a micro-
bial or a mammalian protease or enzyme, or a NS2/NS3 or
NS3/NS4A protease of HCV, or any Hepatitis C Virus (HCV)
or Dengue Virus (DenV) protease, or a West Nile Virus, a
Yellow Fever Virus, or any Flaviviridae virus; or

(14) the cell-based method, cell-based platform or multi-
plexed platform or system of any of (1) to (13), wherein two
or more, or a plurality of, enzymes or proteases are screened
in the same cell, wherein optionally they are variants of the
same enzyme or protease, or different enzymes or proteases,
or a combination thereof.

In alternative embodiments, the invention provides cell-
based platforms, multiplexed platforms or systems, or cell-
based methods, for monitoring the activity of a cell’s ER
and/or trans-Golgi network comprising (or made by a method
comprising):

(1) (a) providing a nucleic acid encoding a scaffold protein
(or one or more scaffold proteins) operatively linked to a
transcriptional regulatory unit, wherein the scaffold protein
comprises:
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(1) a transmembrane domain;

(ii) a signal sequence or any amino acid motif that places
the scaffold protein on the extracellular surface of the
cell; and

(iii) a detectable moiety;

(b) inserting (transfecting) the scaffold protein-encoding
nucleic acid of (a) into the cell;

(d) expressing the nucleic acid of (a); and

(e) determining whether the scaffold protein comprising
the detectable moiety is expressed on the extracellular surface
of the cell,

wherein the scaffold protein is expressed on the extracel-
Iular surface of the cell when the activity of the cell’s ER and
trans-Golgi network is functioning;

(2) the cell-based platform, multiplexed platform or sys-
tem, or cell-based method of (1), wherein the scaffold protein
further comprises an endoplasmic reticulum (ER) retention
motif or a KDEL (SEQ ID NO:1) motif,

wherein the ER retention motif or KDEL (SEQ ID NO:1)
motif is positioned in the scaffold protein such that when PR
is active the scaffold will be separated into two pieces, leaving
the ER retention motif-comprising or KDEL (SEQ ID NO:1)
motif-comprising portion of the polypeptide in the ER and
freeing the detectable moiety-comprising portion to the cell’s
extracellular membrane, and if PR is blocked or inactive, the
entire scaffold polypeptide will be retained in the ER, and as
a consequence will not be detected on the cell’s extracellular
surface;

(3) the cell-based platform, multiplexed platform or sys-
tem, or cell-based method of (1) or (2), further comprising
screening for an inhibitor of the cell’s ER and trans-Golgi
network by:

(a) providing a compound or nucleic acid to be screened as

an inhibitor of the cell’s ER and trans-Golgi network;

(b) contacting a plurality of the cells with the compound or
nucleic acid of (a) either before, during and/or after the
co-expressing the nucleic acid in the cell; and

(c) determining whether the scaffold protein comprising
the detectable moiety is expressed on the extracellular
surface of the cell,

wherein an intact scaffold protein comprising the detect-
able moiety is expressed (or is substantially expressed)
onthe extracellular surface of the cell when the cell’s ER
and trans-Golgi network is not inhibited;

(4) the cell-based platform, multiplexed platform or sys-
tem, or cell-based method of any of (1) to (3), further com-
prising running a negative control comprising dividing the
plurality of the cells co-expressing the nucleic acid in the cell
and not adding the compound to be screened as an inhibitor to
one of the divided cell samples;

(5) the cell-based platform, multiplexed platform or sys-
tem, or cell-based method of any of (1) to (4), further com-
prising running a positive control comprising dividing the
plurality of the cells co-expressing the nucleic acid in the cell
and adding a known inhibitor of the cell’s ER and/or trans-
Golgi network to one of the divided cell samples;

(6) the cell-based platform, multiplexed platform or sys-
tem, or cell-based method of any of (1) to (5), wherein the
transcriptional regulatory unit comprises a promoter, an
inducible promoter or a constitutive promoter;

(7) the cell-based platform, multiplexed platform or sys-
tem, or cell-based method of any of (1) to (6), wherein the cell
is a mammalian cell, a monkey cell or a human cell, or a
lymphocyte or a hepatocyte, or a T cell, and optionally the
cells are genetically bar-coded;
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(8) the cell-based platform, multiplexed platform or sys-
tem, or cell-based method of any of (1) to (7), wherein the
scaffold proteins comprise all or part of a mouse Lyt2 or a
human CDS polypeptide;

(9) the cell-based platform, multiplexed platform or sys-
tem, or cell-based method of any of (1) to (8), wherein the
detectable moiety comprises an epitope for an antibody, or a
FLAG tag;

(10) the cell-based platform, multiplexed platform or sys-
tem, or cell-based method of any of (1) to (9), wherein the
detectable moiety is detected or measured on the extracellular
surface of the cell by a high throughput screen, a plate reader,
a flow cytometry or a microscope visualization;

(11) the cell-based platform, multiplexed platform or sys-
tem, or cell-based method of any of (1) to (10), wherein the
compound to be screened as an inhibitor of protease com-
prises a small molecule, a nucleic acid, a polypeptide or
peptide, a peptidomimetic, a polysaccharide or a lipid, or
wherein the compound to be screened as an inhibitor of pro-
tease is amember of a library of compounds to be screened, or
a member of a random peptide library or a chemical com-
pound library;

(12) the cell-based platform, multiplexed platform or sys-
tem, or cell-based method of any of (1) to (11), wherein the
protease or enzyme is an HIV-1 protease, or a viral, a micro-
bial or a mammalian protease or enzyme, or a NS2/NS3 or
NS3/NS4A protease of HCV, or any Hepatitis C Virus (HCV)
or Dengue Virus (DenV) protease, or a West Nile Virus, a
Yellow Fever Virus, or any Flaviviridae virus; or

(13) the cell-based method, cell-based platform or multi-
plexed platform or system of any of (1) to (12), wherein two
or more, or a plurality of, enzymes or proteases are screened
in the same cell, wherein optionally they are variants of the
same enzyme or protease, or different enzymes or proteases,
or a combination thereof.

In alternative embodiments, the invention provides iso-
lated, recombinant or synthetic nucleic acids encoding a scaf-
fold protein (or one or more scaffold proteins) operatively
linked to a transcriptional regulatory unit, wherein the scaf-
fold protein comprises:

(1) (a) (1) an amino acid motif or subsequence susceptible
to cleavage by a protease under physiologic (cell culture)
conditions;

(ii) a transmembrane domain;

(iii) a signal sequence or any amino acid motif that places
the scaffold protein on the extracellular surface of the
cell; and

(iv) a detectable moiety; or

(b) the nucleic acid of (a), wherein the scaffold protein
further comprises an endoplasmic reticulum (ER) retention
motif or a KDEL (SEQ ID NO:1) motif,

wherein the ER retention motif or KDEL (SEQ ID NO:1)
motif is positioned in the scaffold protein such that when a
protease or enzyme is active the scaffold will be separated
into two pieces, leaving the ER retention motif-comprising or
KDEL (SEQ ID NO:1) motif-comprising portion of the
polypeptide in the ER and freeing the detectable moiety-
comprising portion to the cell’s extracellular membrane, and
if the protease or enzyme is blocked or inactive, the entire
scaffold polypeptide will be retained in the ER, and as a
consequence will not be detected on the cell’s extracellular
surface;

(2) the isolated, recombinant or synthetic nucleic acid of
(1), wherein the protease or enzyme is an HIV-1 protease, or
a viral, a microbial or a mammalian protease or enzyme, or a
NS2/NS3 or NS3/NS4A protease of HCV, or any Hepatitis C
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Virus (HCV) or Dengue Virus (DenV) protease, or a West
Nile Virus, a Yellow Fever Virus, or any Flaviviridae virus;

(3) the isolated, recombinant or synthetic nucleic acid of
(1) or (2), wherein the scaffold protein comprise all or part of
a mouse Lyt2 or a human CDS polypeptide; or

(4) the isolated, recombinant or synthetic nucleic acid of
(1), (2) or (3), wherein the detectable moiety comprises an
epitope for an antibody, or a FLAG tag.

In alternative embodiments, the invention provides vec-
tors, expression cassettes, cosmids or plasmids comprising
(or having contained therein) the isolated, recombinant or
synthetic nucleic acid of the invention.

In alternative embodiments, the invention provides iso-
lated, recombinant or synthetic polypeptides encoded by the
nucleic acid of the invention.

In alternative embodiments, the invention provides cells
comprising (or having contained therein) an isolated, recom-
binant or synthetic nucleic acid of the invention, or a vector,
expression cassette, cosmid or plasmid of the invention, or a
polypeptide of the invention.

In alternative embodiments, the invention provides chi-
meric polypeptides comprising:

(1) (1) an amino acid motif or subsequence susceptible to
cleavage by a protease or enzyme, or a HIV-1 protease,
under physiologic (cell culture) conditions;

(ii) a transmembrane domain;

(iii) a signal sequence or any amino acid motif that places
the scaffold protein on the extracellular surface of the
cell; and

(iv) a detectable moiety,

wherein the amino acid motif or subsequence susceptible
to cleavage by the protease or enzyme, or HIV-1 protease, is
positioned within the scaffold protein such that when the
detectable moiety is cleavage away from (off from) the scaf-
fold protein by the protease or enzyme, or HIV-1 protease, the
remaining subsequence of scatfold protein on the extracellu-
lar surface of the cell lacks the detectable moiety;

(2) the chimeric polypeptide of (1), wherein the scaffold
protein further comprises an endoplasmic reticulum (ER)
retention motif or a KDEL (SEQ ID NO:1) motif,

wherein the ER retention motif or KDEL (SEQ ID NO:1)
motif is positioned in the scaffold protein such that when the
protease or enzyme is active the scaffold will be separated
into two pieces, leaving the ER retention motif-comprising or
KDEL (SEQ ID NO:1) motif-comprising portion of the
polypeptide in the ER and freeing the detectable moiety-
comprising portion to the cell’s extracellular membrane, and
if the protease or enzyme is blocked or inactive, the entire
scaffold polypeptide will be retained in the ER, and as a
consequence will not be detected on the cell’s extracellular
surface;

(3) the chimeric polypeptide of (1) or (2), wherein the
scaffold protein further comprises a p2/p7 recognition site
imbedded in the cytoplasmic loop of the scaffold,

where optionally the p2/p7 recognition sequence com-
prises or consists of ATIMMQRGN (SEQ ID NO:2), or
optionally an exemplary amino-acid sequence of p2/p7 com-
prises AEAMSQVTNSATIMMQRGNFRN-
QRKIVKCFNCGKEGHTA RNCRA-
PRKKGCWKCGKEGHQMKDCTERQANATIMMQRGN
(SEQ ID NO:5); or

(4) the chimeric polypeptide of (1), (2) or (3), wherein the
protease or enzyme is an HIV-1 protease, or a viral, a micro-
bial or a mammalian protease or enzyme, or a NS2/NS3 or
NS3/NS4A protease of HCV, or any Hepatitis C Virus (HCV)
or Dengue Virus (DenV) protease, or a West Nile Virus, a
Yellow Fever Virus, or any Flaviviridae virus.
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In alternative embodiments, the invention provides chi-
meric polypeptides comprising:

(1) (1) an amino acid motif or subsequence susceptible to
cleavage by a protease or enzyme under physiologic
(cell culture) conditions;

(ii) a transmembrane domain;

(iii) a signal sequence or any amino acid motif that places
the scaffold protein on the extracellular surface of the
cell; and

(iv) a detectable moiety,

wherein the amino acid motif or subsequence susceptible
to cleavage by the protease or enzyme is positioned within the
scaffold protein such that when the detectable moiety is
cleavage away from (off from) the scaffold protein by the
protease or enzyme the remaining subsequence of scaffold
protein on the extracellular surface of the cell lacks the detect-
able moiety;

(2) the chimeric polypeptide of (1), wherein the scaffold
protein further comprises an endoplasmic reticulum
(ER) retention motif or a KDEL (SEQ ID NO:1) motif,

wherein the ER retention motif or KDEL (SEQ ID NO:1)
motif is positioned in the scaffold protein such that when
protease or enzyme is active the scaffold will be separated
into two pieces, leaving the ER retention motif-comprising or
KDEL (SEQ ID NO:1) motif-comprising portion of the
polypeptide in the ER and freeing the detectable moiety-
comprising portion to the cell’s extracellular membrane, and
if the protease or enzyme is blocked or inactive, the entire
scaffold polypeptide will be retained in the ER, and as a
consequence will not be detected on the cell’s extracellular
surface or

(3) the chimeric polypeptide of (1) or (2), wherein the
protease or enzyme is an HIV-1 protease, or a viral, a
microbial or a mammalian protease or enzyme, or a
NS2/NS3 or NS3/NS4A protease of HCV, or any Hepa-
titis C Virus (HCV) or Dengue Virus (DenV) protease, or
a West Nile Virus, a Yellow Fever Virus, or any Flaviviri-
dae virus.

In alternative embodiments, the invention provides cell-
based platforms, multiplexed platforms or systems, or cell-
based methods, for monitoring the activity of a protease or
enzyme, an HIV-1 protease, or a viral, a microbial or a mam-
malian protease or enzyme, or a NS2/NS3 or NS3/NS4A
protease of HCV, or any Hepatitis C Virus (HCV) or Dengue
Virus (DenV) protease, or a West Nile Virus, a Yellow Fever
Virus, or any Flaviviridae virus, comprising:

(1) (a) providing a nucleic acid encoding a scaffold protein
(or one or more scaffold proteins) operatively linked to a
transcriptional regulatory unit, wherein the scaffold protein
comprises:

(1) an amino acid motif or subsequence susceptible to
cleavage by the protease or enzyme, or the HIV-1 pro-
tease, or a viral, a microbial or a mammalian protease or
enzyme, or a NS2/NS3 or NS3/NS4A protease of HCV,
or any Hepatitis C Virus (HCV) or Dengue Virus (DenV)
protease, or a West Nile Virus, a Yellow Fever Virus, or
any Flaviviridae virus, under physiologic (cell culture)
conditions;

(ii) a transmembrane domain;

(iii) a signal sequence or any amino acid motif that places
the scaffold protein on the extracellular surface of the
cell; and

(iv) a detectable moiety, a luminescent moiety, a Green
Fluorescent Protein (GFP) or a luciferase, or any com-
pound that can be directly or indirectly detected,

wherein the amino acid motif or subsequence susceptible
to cleavage by the protease or enzyme, or the HIV-1
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protease, or a viral, a microbial or a mammalian protease
or enzyme, or a NS2/NS3 or NS3/NS4A protease of
HCYV, or any Hepatitis C Virus (HCV) or Dengue Virus
(DenV) protease, or a West Nile Virus, a Yellow Fever
Virus, or any Flaviviridae virus, is positioned within the
scatfold protein such that when the detectable moiety is
cleaved away from (off from) the scatfold protein by the
protease or enzyme, or the HIV-1 protease, or a viral, a
microbial or a mammalian protease or enzyme, or a
NS2/NS3 or NS3/NS4A protease of HCV, or any Hepa-
titis C Virus (HCV) or Dengue Virus (DenV) protease, or
a West Nile Virus, aYellow Fever Virus, or any Flaviviri-
dae virus, the remaining subsequence of scatfold protein
on the extracellular surface of the cell lacks the detect-
able moiety;

(b) providing a nucleic acid encoding protease or enzyme,
or the HIV-1 protease, or a viral, a microbial or a mammalian
protease or enzyme, or a NS2/NS3 or NS3/NS4A protease of
HCV, or any Hepatitis C Virus (HCV) or Dengue Virus
(DenV) protease, or a West Nile Virus, a Yellow Fever Virus,
or any Flaviviridae virus, operatively linked to a transcrip-
tional regulatory unit, or a cell that expresses a heterologous
or endogenous protease or enzyme, or the HIV-1 protease, or
a viral, a microbial or a mammalian protease or enzyme, or a
NS2/NS3 or NS3/NS4A protease of HCV, or any Hepatitis C
Virus (HCV) or Dengue Virus (DenV) protease, or a West
Nile Virus, a Yellow Fever Virus, or any Flaviviridae virus;

(c) inserting (transfecting) the nucleic acid of (a) and (b)
into the cell if the cell does not already express a heterologous
or protease or enzyme, or a HIV-1 protease, or a viral, a
microbial ora mammalian protease or enzyme, or a NS2/NS3
or NS3/NS4A protease of HCV, or any Hepatitis C Virus
(HCV) or Dengue Virus (DenV) protease, or a West Nile
Virus, a Yellow Fever Virus, or any Flaviviridae virus;

(d) co-expressing the nucleic acid of (a) and (b) in the cell,
or expressing the nucleic acid of (a) in the cell if the cell
already expresses a heterologous or endogenous protease or
enzyme, or the HIV-1 protease, or a viral, a microbial or a
mammalian protease or enzyme, ora NS2/NS3 or NS3/NS4A
protease of HCV, or any Hepatitis C Virus (HCV) or Dengue
Virus (DenV) protease, or a West Nile Virus, a Yellow Fever
Virus, or any Flaviviridae virus; and

(e) determining whether the scaffold protein comprising
the detectable moiety is expressed on the extracellular surface
of the cell, optionally determined by a plate reader, flow
cytometry or any high-throughput assay),

wherein an intact scaffold protein comprising the detect-
able moiety is expressed on the extracellular surface of the
cell when the protease or enzyme, or the HIV-1 protease, or a
viral, a microbial or a mammalian protease or enzyme, or a
NS2/NS3 or NS3/NS4A protease of HCV, or any Hepatitis C
Virus (HCV) or Dengue Virus (DenV) protease, or a West
Nile Virus, a Yellow Fever Virus, or any Flaviviridae virus, is
not enzymatically active, and an intact scaffold protein is not
or is substantially less expressed on the extracellular surface
of the cell when the protease or enzyme, or the HIV-1 pro-
tease, or a viral, a microbial or a mammalian protease or
enzyme, or a NS2/NS3 or NS3/NS4A protease of HCV, or
any Hepatitis C Virus (HCV) or Dengue Virus (DenV) pro-
tease, or a West Nile Virus, a Yellow Fever Virus, or any
Flaviviridae virus, is enzymatically active (the detectable
moiety is cleaved off by protease or enzyme, or the HIV-1
protease, or a viral, a microbial or a mammalian protease or
enzyme, or a NS2/NS3 or NS3/NS4A protease of HCV, or
any Hepatitis C Virus (HCV) or Dengue Virus (DenV) pro-
tease, or a West Nile Virus, a Yellow Fever Virus, or any
Flaviviridae virus;
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(2) the cell-based platform, multiplexed platform or sys-
tem, or cell-based method of (1), wherein the scaffold protein
further comprises an endoplasmic reticulum (ER) retention
motif or a KDEL motif,

wherein the ER retention motif or KDEL motif is posi-
tioned in the scaffold protein such that when the protease or
enzyme, or HIV-1 protease, or a viral, a microbial or a mam-
malian protease or enzyme, or a NS2/NS3 or NS3/NS4A
protease of HCV, or any Hepatitis C Virus (HCV) or Dengue
Virus (DenV) protease, or a West Nile Virus, a Yellow Fever
Virus, or any Flaviviridae virus, is active the scaffold will be
separated into two pieces, leaving the ER retention motif-
comprising or KDEL motif-comprising portion of the
polypeptide in the ER and freeing the detectable moiety-
comprising portion to the cell’s extracellular membrane, and
if the protease or enzyme, or the HIV-1 protease, or a viral, a
microbial or a mammalian protease or enzyme, or a NS2/NS3
or NS3/NS4A protease of HCV, or any Hepatitis C Virus
(HCV) or Dengue Virus (DenV) protease, or a West Nile
Virus, a Yellow Fever Virus, or any Flaviviridae virus, is
blocked or inactive, the entire scaffold polypeptide will be
retained in the ER, and as a consequence will not be detected
on the cell’s extracellular surface;

(3) the cell-based platform, multiplexed platform or sys-
tem, or cell-based method of (1) or (2), wherein the scaffold
protein further comprises a p2/p7 recognition site imbedded
in the cytoplasmic loop of the scatfold;

(4) the cell-based platform, multiplexed platform or sys-
tem, or cell-based method of (1), (2) or (3), further compris-
ing screening for an inhibitor of the protease or enzyme, or the
HIV-1 protease, or a viral, a microbial or a mammalian pro-
tease or enzyme, or a NS2/NS3 or NS3/NS4A protease of
HCV, or any Hepatitis C Virus (HCV) or Dengue Virus
(DenV) protease, or a West Nile Virus, a Yellow Fever Virus,
or any Flaviviridae virus, by:

(a) providing a compound to be screened as an inhibitor of

the protease or enzyme, or the HIV-1 protease, or a viral,
a microbial or a mammalian protease or enzyme, or a
NS2/NS3 or NS3/NS4A protease of HCV, or any Hepa-
titis C Virus (HCV) or Dengue Virus (DenV) protease, or
a West Nile Virus, a Yellow Fever Virus, or any Flaviviri-
dae virus, or providing a nucleic acid to be screened as
encoding an inhibitor of the protease or enzyme, or the
protease or enzyme, or the HIV-1 protease, or a viral, a
microbial or a mammalian protease or enzyme, or a
NS2/NS3 or NS3/NS4A protease of HCV, or any Hepa-
titis C Virus (HCV) or Dengue Virus (DenV) protease, or
a West Nile Virus, a Yellow Fever Virus, or any Flaviviri-
dae virus;

(b) contacting a plurality of the cells with the compound or
nucleic acid of (a) either before, during and/or after the
co-expressing the nucleic acid in the cell; and

(c) determining whether the scaffold protein comprising
the detectable moiety is expressed on the extracellular
surface of the cell,

wherein an intact scaffold protein comprising the detect-
able moiety is expressed on the extracellular surface of
the cell when the protease or enzyme, or the HIV-1
protease, or a viral, amicrobial or a mammalian protease
or enzyme, or a NS2/NS3 or NS3/NS4A protease of
HCV, or any Hepatitis C Virus (HCV) or Dengue Virus
(DenV) protease, or a West Nile Virus, a Yellow Fever
Virus, or any Flaviviridae virus, is inhibited by: the
compound, a composition encoded by the nucleic acid,
or a compound present in the cell only because the
nucleic acid was expressed, and an intact scaffold pro-
tein is not or is substantially less expressed on the extra-
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cellular surface of the cell when the protease or enzyme,
or the HIV-1 protease, or a viral, a microbial or a mam-
malian protease or enzyme, or a NS2/NS3 or NS3/NS4A
protease of HCV, or any Hepatitis C Virus (HCV) or
Dengue Virus (DenV) protease, or a West Nile Virus, a
Yellow Fever Virus, or any Flaviviridae virus, is enzy-
matically active (the detectable moiety is cleaved off by
the protease or enzyme, or the protease or enzyme, or the
HIV-1 protease, or a viral, a microbial or a mammalian
protease or enzyme, or a NS2/NS3 or NS3/NS4A pro-
tease of HCV, or any Hepatitis C Virus (HCV) or Dengue
Virus (DenV) protease, or a West Nile Virus, a Yellow
Fever Virus, or any Flaviviridae virus, and the enzymatic
activity of the protease or enzyme, or the HIV-1 pro-
tease, or a viral, a microbial or a mammalian protease or
enzyme, or a NS2/NS3 or NS3/NS4A protease of HCV,
orany Hepatitis C Virus (HCV) or Dengue Virus (DenV)
protease, or a West Nile Virus, a Yellow Fever Virus, or
any Flaviviridae virus, is not significantly inhibited by:
the compound, a composition encoded by the nucleic
acid, or a compound present in the cell only because the
nucleic acid was expressed;

(5) the cell-based platform, multiplexed platform or sys-
tem, or cell-based method of any of (1) to (4), further com-
prising:

(a) running a negative control comprising dividing the
plurality of the cells co-expressing the nucleic acid of (a)
and (b) in the cell and not adding the compound to be
screened as an inhibitor to one of the divided cell
samples; or

(b) further comprising running a positive control compris-
ing dividing the plurality of the cells co-expressing the
nucleic acid of (a) and (b) in the cell and adding a known
inhibitor of the protease or enzyme, or the HIV-1 pro-
tease, or a viral, a microbial or a mammalian protease or
enzyme, or a NS2/NS3 or NS3/NS4A protease of HCV,
orany Hepatitis C Virus (HCV) or Dengue Virus (DenV)
protease, or a West Nile Virus, a Yellow Fever Virus, or
any Flaviviridae virus, to one of the divided cell
samples;

(6) the cell-based platform, multiplexed platform or sys-

tem, or cell-based method of any of (1) to (5), wherein:

(a) the amino acid motif or subsequence susceptible to
cleavage by the enzyme, protease or HIV-1 protease, or
NS2/NS3 or NS3/NS4A protease of HCV, under physi-
ologic (cell culture) conditions comprises SEQ ID NO:2
or SEQ ID NO:3;

(b) the enzyme, protease or HIV-1 protease, or NS2/NS3 or
NS3/NS4A protease of HCV, comprises SEQ ID NO:4
or SEQ ID NO:5;

(c) the transcriptional regulatory unit comprises a pro-
moter, an inducible promoter or a constitutive promoter;

(d) the cell is a mammalian cell, a monkey cell or a human
cell, or a lymphocyte or a hepatocyte, or a T cell, and
optionally the cells are genetically bar-coded;

(e) the scaffold proteins comprise all or part of a mouse
Lyt2 or a human CDS polypeptide;

(f) the detectable moiety comprises an epitope for an anti-
body, or a FLAG tag;

(g) the detectable moiety is detected or measured on the
extracellular surface of the cell by a high throughput
screen, a plate reader, a flow cytometry or a microscope
visualization;

(h) the compound to be screened as an inhibitor of the
protease or enzyme, or the HIV-1 protease, or a viral, a
microbial or a mammalian protease or enzyme, or a
NS2/NS3 or NS3/NS4A protease of HCV, or any Hepa-
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titis C Virus (HCV) or Dengue Virus (DenV) protease, or
a West Nile Virus, a Yellow Fever Virus, or any Flaviviri-
dae virus, comprises a small molecule, a nucleic acid, a
polypeptide or peptide, a peptidomimetic, a polysaccha-
ride or a lipid; or

(1) the compound to be screened as an inhibitor of the
protease or enzyme, or the HIV-1 protease, or a viral, a
microbial or a mammalian protease or enzyme, or a
NS2/NS3 or NS3/NS4A protease of HCV, or any Hepa-
titis C Virus (HCV) or Dengue Virus (DenV) protease, or
a West Nile Virus, a Yellow Fever Virus, or any Flaviviri-
dae virus, is a member of a library of compounds to be
screened, or a member of a random peptide library or a
chemical compound library; or

(7) the cell-based platform, multiplexed platform or sys-
tem, or cell-based method of any of (1) to (6), wherein two or
more, or a plurality of, enzymes or proteases are screened in
the same cell, wherein optionally they are variants of the same
enzyme or protease, or different enzymes or proteases, or a
combination thereof.

In alternative embodiments, the invention provides cell-
based platforms, multiplexed platforms or systems, or cell-
based methods, for monitoring the activity of an protease or
enzyme, or a HIV-1 protease, or a viral, a microbial or a
mammalian protease or enzyme, or a NS2/NS3 or NS3/NS4A
protease of HCV, or any Hepatitis C Virus (HCV) or Dengue
Virus (DenV) protease, or a West Nile Virus, a Yellow Fever
Virus, or any Flaviviridae virus, comprising:

(1) (a) providing a nucleic acid encoding a scaffold protein
(or one or more scaffold proteins) operatively linked to a
transcriptional regulatory unit, wherein the scaffold protein
comprises:

(1) an amino acid motif or subsequence susceptible to
cleavage by the protease or enzyme, or a HIV-1 protease,
or a viral, a microbial or a mammalian protease or
enzyme, or a NS2/NS3 or NS3/NS4A protease of HCV,
or any Hepatitis C Virus (HCV) or Dengue Virus (DenV)
protease, or a West Nile Virus, a Yellow Fever Virus, or
any Flaviviridae virus, under physiologic (cell culture)
conditions;

(ii) a transmembrane domain;

(iii) a signal sequence or any amino acid motif that places
the scaffold protein on the extracellular surface of the
cell; and

(iv) a detectable moiety, a luminescent moiety, a Green
Fluorescent Protein (GFP) or a luciferase, or any com-
pound that can be directly or indirectly detected,

wherein the amino acid motif or subsequence susceptible
to cleavage by the protease or enzyme, or a HIV-1 pro-
tease, or a viral, a microbial or a mammalian protease or
enzyme, or a NS2/NS3 or NS3/NS4A protease of HCV,
or any Hepatitis C Virus (HCV) or Dengue Virus (DenV)
protease, or a West Nile Virus, a Yellow Fever Virus, or
any Flaviviridae virus, is positioned within the scatfold
protein such that when the detectable moiety is cleaved
away from (off from) the scaffold protein by the protease
or enzyme, or a HIV-1 protease, or a viral, a microbial or
a mammalian protease or enzyme, or a NS2/NS3 or
NS3/NS4A protease of HCV, or any Hepatitis C Virus
(HCV) or Dengue Virus (DenV) protease, or a West Nile
Virus, a Yellow Fever Virus, or any Flaviviridae virus,
the remaining subsequence of scaffold protein on the
extracellular surface of the cell lacks the detectable moi-
ety;

(b) providing a nucleic acid encoding the protease or

enzyme, or a HIV-1 protease, or a viral, a microbial or a
mammalian protease or enzyme, or a NS2/NS3 or NS3/NS4A
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protease of HCV, or any Hepatitis C Virus (HCV) or Dengue
Virus (DenV) protease, or a West Nile Virus, a Yellow Fever
Virus, or any Flaviviridae virus, operatively linked to a tran-
scriptional regulatory unit, or a cell that expresses a heterolo-
gous or endogenous protease;

(c) inserting (transfecting) the nucleic acid of (a) and (b)
into the cell if the cell does not already express a heterologous
or endogenous protease;

(d) co-expressing the nucleic acid of (a) and (b) in the cell,
or expressing the nucleic acid of (a) in the cell if the cell
already expresses a heterologous or endogenous protease or
enzyme, or a HIV-1 protease, or a viral, a microbial or a
mammalian protease or enzyme, ora NS2/NS3 or NS3/NS4A
protease of HCV, or any Hepatitis C Virus (HCV) or Dengue
Virus (DenV) protease, or a West Nile Virus, a Yellow Fever
Virus, or any Flaviviridae virus; and

(e) determining whether the scaffold protein comprising
the detectable moiety is expressed on the extracellular surface
of the cell, optionally determined by a plate reader, a flow
cytometry or any high-throughput assay,

wherein an intact scaffold protein comprising the detect-
able moiety is expressed on the extracellular surface of the
cell when the protease or enzyme, or a HIV-1 protease, or a
viral, a microbial or a mammalian protease or enzyme, or a
NS2/NS3 or NS3/NS4A protease of HCV, or any Hepatitis C
Virus (HCV) or Dengue Virus (DenV) protease, or a West
Nile Virus, a Yellow Fever Virus, or any Flaviviridae virus, is
not enzymatically active, and an intact scaffold protein is not
or is substantially less expressed on the extracellular surface
of'the cell when the protease or enzyme, or a HIV-1 protease,
or a viral, a microbial or a mammalian protease or enzyme, or
a NS2/NS3 or NS3/NS4A protease of HCV, or any Hepatitis
C Virus (HCV) or Dengue Virus (DenV) protease, or a West
Nile Virus, a Yellow Fever Virus, or any Flaviviridae virus, is
enzymatically active (the detectable moiety is cleaved off by
the protease); or

(2) the cell-based platform, multiplexed platform or sys-
tem, or cell-based method of (1), wherein the scaffold protein
further comprises an endoplasmic reticulum (ER) retention
motif or a KDEL motif,

wherein the ER retention motif or KDEL motif is posi-
tioned in the scaffold protein such that when the protease or
enzyme, or a HIV-1 protease, or a viral, a microbial or a
mammalian protease or enzyme, ora NS2/NS3 or NS3/NS4A
protease of HCV, or any Hepatitis C Virus (HCV) or Dengue
Virus (DenV) protease, or a West Nile Virus, a Yellow Fever
Virus, or any Flaviviridae virus, is active the scaffold will be
separated into two pieces, leaving the ER retention motif-
comprising or KDEL motif-comprising portion of the
polypeptide in the ER and freeing the detectable moiety-
comprising portion to the cell’s extracellular membrane, and
if the protease or enzyme, or a HIV-1 protease, or a viral, a
microbial ora mammalian protease or enzyme, or a NS2/NS3
or NS3/NS4A protease of HCV, or any Hepatitis C Virus
(HCV) or Dengue Virus (DenV) protease, or a West Nile
Virus, a Yellow Fever Virus, or any Flaviviridae virus, is
blocked or inactive, the entire scaffold polypeptide will be
retained in the ER, and as a consequence will not be detected
on the cell’s extracellular surface;

(3) the cell-based platform, multiplexed platform or sys-
tem, or cell-based method of (1) or (2), wherein two or more,
or a plurality of, enzymes or proteases are screened in the
same cell, wherein optionally they are variants of the same
enzyme or protease, or different enzymes or proteases, or a
combination thereof;,
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(4) the cell-based platform, multiplexed platform or sys-
tem, or cell-based method of any of (1) to (3), further com-
prising screening for an inhibitor of a protease by:

(a) providing a compound to be screened as an inhibitor of
the protease or enzyme, or a HIV-1 protease, or a viral, a
microbial or a mammalian protease or enzyme, or a
NS2/NS3 or NS3/NS4A protease of HCV, or any Hepa-
titis C Virus (HCV) or Dengue Virus (DenV) protease, or
a West Nile Virus, a Yellow Fever Virus, or any Flaviviri-
dae virus, or providing a nucleic acid to be screened as
encoding an inhibitor of the protease or enzyme, or a
HIV-1 protease, or a viral, a microbial or a mammalian
protease or enzyme, or a NS2/NS3 or NS3/NS4A pro-
tease of HCV, or any Hepatitis C Virus (HCV) or Dengue
Virus (DenV) protease, or a West Nile Virus, a Yellow
Fever Virus, or any Flaviviridae virus;

(b) contacting a plurality of the cells with the compound or
nucleic acid either before, during and/or after the co-
expressing the nucleic acid in the cell; and

(c) determining whether the scaffold protein comprising
the detectable moiety is expressed on the extracellular
surface of the cell,

wherein an intact scaffold protein comprising the detect-
able moiety is expressed on the extracellular surface of
the cell when the protease or enzyme, or a HIV-1 pro-
tease, or a viral, a microbial or a mammalian protease or
enzyme, or a NS2/NS3 or NS3/NS4A protease of HCV,
or any Hepatitis C Virus (HCV) or Dengue Virus (DenV)
protease, or a West Nile Virus, a Yellow Fever Virus, or
any Flaviviridae virus, is inhibited by: the compound, a
composition encoded by the nucleic acid, or acompound
present in the cell only because the nucleic acid was
expressed, and an intact scaffold protein is not or is
substantially less expressed on the extracellular surface
of the cell when the protease or enzyme, or a HIV-1
protease, or a viral, amicrobial or a mammalian protease
or enzyme, or a NS2/NS3 or NS3/NS4A protease of
HCV, or any Hepatitis C Virus (HCV) or Dengue Virus
(DenV) protease, or a West Nile Virus, a Yellow Fever
Virus, or any Flaviviridae virus, is enzymatically active
(the detectable moiety is cleaved off by the protease) and
the enzymatic activity of the protease or enzyme, or a
HIV-1 protease, or a viral, a microbial or a mammalian
protease or enzyme, or a NS2/NS3 or NS3/NS4A pro-
tease of HCV, or any Hepatitis C Virus (HCV) or Dengue
Virus (DenV) protease, or a West Nile Virus, a Yellow
Fever Virus, or any Flaviviridae virus, is not significantly
inhibited by: the compound, a composition encoded by
the nucleic acid, or a compound present in the cell only
because the nucleic acid was expressed;

(5) the cell-based platform, multiplexed platform or sys-
tem, or cell-based method of any of (1) to (4), further com-
prising:

(a) running a negative control comprising dividing the
plurality of the cells co-expressing the nucleic acid of (a)
and (b) in the cell and not adding the compound to be
screened as an inhibitor to one of the divided cell
samples; or

(b) running a positive control comprising dividing the plu-
rality of the cells co-expressing the nucleic acid of (a)
and (b) in the cell and adding a known inhibitor of the
protease or enzyme, or a HIV-1 protease, or a viral, a
microbial or a mammalian protease or enzyme, or a
NS2/NS3 or NS3/NS4A protease of HCV, or any Hepa-
titis C Virus (HCV) or Dengue Virus (DenV) protease, or
a West Nile Virus, a Yellow Fever Virus, or any Flaviviri-
dae virus, to one of the divided cell samples; or
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(6) the cell-based platform, multiplexed platform or sys-
tem, or cell-based method of any of (1) to (5), wherein

(a) the transcriptional regulatory unit comprises a pro-
moter, or the transcriptional regulatory unit comprises
an inducible promoter, or the transcriptional regulatory
unit comprises a constitutive promoter;

(b) the cell is a mammalian cell, a monkey cell or a human
cell; or a lymphocyte, or a T cell, or a CD4- or CD8-
expressing cell, or a hepatocyte, and optionally the cells
are genetically bar-coded;

(c) the scaffold proteins comprise all or part of a mouse
Lyt2 or a human CDS polypeptide;

(d) the detectable moiety comprises an epitope for an anti-
body, or a FLAG tag;

(e) the detectable moiety is detected or measured on the
extracellular surface of the cell by a high throughput
screen, a plate reader, a flow cytometry or a microscope
visualization;

(f) the compound to be screened as an inhibitor of protease
comprises a small molecule, a nucleic acid, a polypep-
tide or peptide, a peptidomimetic, a polysaccharide or a
lipid;

(g) the compound to be screened as an inhibitor of protease
is a member of a library of compounds to be screened, or
a member of a random peptide library or a chemical
compound library; or

(h) the protease is an protease or enzyme, or a HIV-1
protease, or a viral, a microbial or a mammalian protease
or enzyme, or a NS2/NS3 or NS3/NS4A protease of
HCYV, or any Hepatitis C Virus (HCV) or Dengue Virus
(DenV) protease, or a West Nile Virus, a Yellow Fever
Virus, or any Flaviviridae virus.

In alternative embodiments, the invention provides cell-
based platforms, multiplexed platforms or systems, or cell-
based methods, for monitoring the activity of a cell’s ER
and/or trans-Golgi network comprising:

(1) (a) providing a nucleic acid encoding a scatfold protein
operatively linked to a transcriptional regulatory unit,
wherein the scaffold protein comprises:

(1) a transmembrane domain;

(ii) a signal sequence or any amino acid motif that places
the scaffold protein on the extracellular surface of the
cell; and

(iii) a detectable moiety, a luminescent moiety, a Green
Fluorescent Protein (GFP) or a luciferase, or any com-
pound that can be directly or indirectly detected);

(b) inserting (transfecting) the scaffold protein-encoding

nucleic acid of (a) into the cell;

(d) expressing the nucleic acid of (a); and

(e) determining whether the scaffold protein comprising
the detectable moiety is expressed on the extracellular surface
of the cell, optionally determined by a plate reader, a flow
cytometry or any high-throughput assay,

wherein the scaffold protein is expressed on the extracel-
Iular surface of the cell when the activity of the cell’s ER and
trans-Golgi network is functioning;

(2) the cell-based platform, multiplexed platform or sys-
tem, or cell-based method of (1), wherein the scaffold protein
further comprises an endoplasmic reticulum (ER) retention
motif or a KDEL motif,

wherein in alternative embodiments the ER retention motif
or KDEL motifis positioned in the scaffold protein such that
when the enzyme is active the scaffold will be separated into
two pieces, leaving the ER retention motif-comprising or
KDEL motif-comprising portion of the polypeptide in the ER
and freeing the detectable moiety-comprising portion to the
cell’s extracellular membrane, and if the enzyme is blocked
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or inactive, the entire scaffold polypeptide will be retained in
the ER, and as a consequence will not be detected on the cell’s
extracellular surface;

(3) the cell-based platform, multiplexed platform or sys-
tem, or cell-based method of (1) or (2), further comprising
screening for an inhibitor of the cell’s ER and trans-Golgi
network by:

(a) providing a compound or nucleic acid to be screened as

an inhibitor of the cell’s ER and trans-Golgi network;

(b) contacting a plurality of the cells with the compound or
nucleic acid of (a) either before, during and/or after the
co-expressing the nucleic acid in the cell; and

(c) determining whether the scaffold protein comprising
the detectable moiety is expressed on the extracellular
surface of the cell,

wherein an intact scaffold protein comprising the detect-
able moiety is expressed (or is substantially expressed)
on the extracellular surface of the cell when the cell’s ER
and trans-Golgi network is not inhibited;

(4) the cell-based platform, multiplexed platform or sys-
tem, or cell-based method of any of (1) to (3), further com-
prising:

(a) running a negative control comprising dividing the
plurality of the cells co-expressing the nucleic acid in the
cell and not adding the compound to be screened as an
inhibitor to one of the divided cell samples; or

(b) running a positive control comprising dividing the plu-
rality of the cells co-expressing the nucleic acid in the
cell and adding a known inhibitor of the cell’s ER and/or
trans-Golgi network to one of the divided cell samples;

(5) the cell-based platform, multiplexed platform or sys-
tem, or cell-based method of any of (1) to (4), wherein

(a) the transcriptional regulatory unit comprises a pro-
moter, an inducible promoter or a constitutive promoter;

(b) the cell is a mammalian cell, a monkey cell or a human
cell; or a lymphocyte, or a T cell, or a CD4- or CD8-
expressing cell, or a hepatocyte, and optionally the cells
are genetically bar-coded;

(c) the scaffold proteins comprise all or part of a mouse
Lyt2 or a human CDS8 polypeptide;

(d) the detectable moiety comprises an epitope for an anti-
body, or a FLAG tag;

(e) the detectable moiety is detected or measured on the
extracellular surface of the cell by a high throughput
screen, a plate reader, a flow cytometry or a microscope
visualization;

() the compound to be screened as an inhibitor of protease
comprises a small molecule, a nucleic acid, a polypep-
tide or peptide, a peptidomimetic, a polysaccharide or a
lipid;

(g) the compound to be screened as an inhibitor of protease
is amember of a library of compounds to be screened, or
a member of a random peptide library or a chemical
compound library; or

(h) the protease is an HIV-1 protease or a NS2/NS3 or a
NS3/NS4A protease of HCV, or any Hepatitis C Virus
(HCV) or Dengue Virus (DenV) protease, or the pro-
tease is a viral, a microbial or a mammalian protease; or

(6) the cell-based platform, multiplexed platform or sys-
tem, or cell-based method of any of (1) to (5), wherein two or
more, or a plurality of, enzymes or proteases are screened in
the same cell, wherein optionally they are variants of the same
enzyme or protease, or different enzymes or proteases, or a
combination thereof.

In alternative embodiments, the invention provides iso-
lated, recombinant or synthetic nucleic acids encoding a scaf-
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fold protein (or one or more scaffold proteins) operatively
linked to a transcriptional regulatory unit, wherein the scaf-
fold protein comprises:

(1) (a) (1) an amino acid motif or subsequence susceptible
to cleavage by a protease or enzyme, or a HIV-1 protease, or
a viral, a microbial or a mammalian protease or enzyme, or a
NS2/NS3 or NS3/NS4A protease of HCV, or any Hepatitis C
Virus (HCV) or Dengue Virus (DenV) protease, or a West
Nile Virus, a Yellow Fever Virus, or any Flaviviridae virus,
under physiologic (cell culture) conditions;

(ii) a transmembrane domain;

(iii) a signal sequence or any amino acid motif that places
the scaffold protein on the extracellular surface of the cell;
and

(iv) a detectable moiety, a luminescent moiety, a Green
Fluorescent Protein (GFP) or a luciferase, or any compound
that can be directly or indirectly detected; or

(b) the nucleic acid of (a), wherein the scaffold protein
further comprises an endoplasmic reticulum (ER) retention
motif or a KDEL motif,

wherein in alternative embodiments the ER retention motif
or KDEL motifis positioned in the scaffold protein such that
when the protease or enzyme, or a HIV-1 protease, or a viral,
a microbial or a mammalian protease or enzyme, or a NS2/
NS3 or NS3/NS4A protease of HCV, or any Hepatitis C Virus
(HCV) or Dengue Virus (DenV) protease, or a West Nile
Virus, aYellow Fever Virus, or any Flaviviridae virus, is active
the scaffold will be separated into two pieces, leaving the ER
retention motif-comprising or KDEL motif-comprising por-
tion of the polypeptide in the ER and freeing the detectable
moiety-comprising portion to the cell’s extracellular mem-
brane, and if the protease or enzyme, or a HIV-1 protease, or
a viral, a microbial or a mammalian protease or enzyme, or a
NS2/NS3 or NS3/NS4A protease of HCV, or any Hepatitis C
Virus (HCV) or Dengue Virus (DenV) protease, or a West
Nile Virus, a Yellow Fever Virus, or any Flaviviridae virus, is
blocked or inactive, the entire scaffold polypeptide will be
retained in the ER, and as a consequence will not be detected
on the cell’s extracellular surface; or

(2) the isolated, recombinant or synthetic nucleic acid of
(1), wherein

(a) the protease or enzyme, or a HIV-1 protease, or a viral,

a microbial or a mammalian protease or enzyme, or a
NS2/NS3 or NS3/NS4A protease of HCV, or any Hepa-
titis C Virus (HCV) or Dengue Virus (DenV) protease, or
a West Nile Virus, aYellow Fever Virus, or any Flaviviri-
dae virus;

(b) the scaffold protein comprise all or part ofa mouse Lyt2

or a human CDS8 polypeptide; or

(c) the detectable moiety comprises an epitope for an anti-

body, or a FLAG tag.

In alternative embodiments, the invention provides vec-
tors, expression cassettes, cosmids or plasmids comprising
the isolated, recombinant or synthetic nucleic acid of the
invention.

In alternative embodiments, the invention provides iso-
lated, recombinant or synthetic polypeptides encoded by the
nucleic acid of the invention.

In alternative embodiments, the invention provides cells
comprising the isolated, recombinant or synthetic nucleic
acid of the invention, or polypeptides of the invention, or
vectors, expression cassettes, cosmids or plasmids of the
invention.

In alternative embodiments, the invention provides chi-
meric polypeptides comprising:

(1) (1) an amino acid motif or subsequence susceptible to

cleavage by a protease or enzyme, or the HIV-1 protease,
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or a viral, a microbial or a mammalian protease or
enzyme, or a NS2/NS3 or NS3/NS4A protease of HCV,
or any Hepatitis C Virus (HCV) or Dengue Virus (DenV)
protease, or a West Nile Virus, a Yellow Fever Virus, or
any Flaviviridae virus, under physiologic (cell culture)
conditions;

(ii) a transmembrane domain;

(iii) a signal sequence or any amino acid motif that places
the scaffold protein on the extracellular surface of the
cell; and

(iv) a detectable moiety, a luminescent moiety, a Green
Fluorescent Protein (GFP) or a luciferase, or any com-
pound that can be directly or indirectly detected,

wherein the amino acid motif or subsequence susceptible
to cleavage by the protease or enzyme, or the HIV-1 protease,
or a viral, a microbial or a mammalian protease or enzyme, or
a NS2/NS3 or NS3/NS4A protease of HCV, or any Hepatitis
C Virus (HCV) or Dengue Virus (DenV) protease, or a West
Nile Virus, a Yellow Fever Virus, or any Flaviviridae virus, is
positioned within the scaffold protein such that when the
detectable moiety is cleaved away from (off from) the scaf-
fold protein by the protease or enzyme, or the HIV-1 protease,
or a viral, a microbial or a mammalian protease or enzyme, or
a NS2/NS3 or NS3/NS4A protease of HCV, or any Hepatitis
C Virus (HCV) or Dengue Virus (DenV) protease, or a West
Nile Virus, a Yellow Fever Virus, or any Flaviviridae virus, the
remaining subsequence of scatfold protein on the extracellu-
lar surface of the cell lacks the detectable moiety;

(2) the chimeric polypeptide of (1), wherein the scaffold
protein further comprises an endoplasmic reticulum (ER)
retention motif or a KDEL motif,

wherein in alternative embodiments the ER retention motif
or KDEL motif'is positioned in the scaffold protein such that
when the protease or enzyme, or the HIV-1 protease, or a
viral, a microbial or a mammalian protease or enzyme, or a
NS2/NS3 or NS3/NS4A protease of HCV, or any Hepatitis C
Virus (HCV) or Dengue Virus (DenV) protease, or a West
Nile Virus, a Yellow Fever Virus, or any Flaviviridae virus, is
active the scaffold will be separated into two pieces, leaving
the ER retention motif-comprising or KDEL motif-compris-
ing portion of the polypeptide in the ER and freeing the
detectable moiety-comprising portion to the cell’s extracel-
Iular membrane, and if the protease or enzyme, or the HIV-1
protease, or a viral, a microbial or a mammalian protease or
enzyme, or a NS2/NS3 or NS3/NS4A protease of HCV, or
any Hepatitis C Virus (HCV) or Dengue Virus (DenV) pro-
tease, or a West Nile Virus, a Yellow Fever Virus, or any
Flaviviridae virus, is blocked or inactive, the entire scaffold
polypeptide will be retained in the ER, and as a consequence
will not be detected on the cell’s extracellular surface; or

(3) the chimeric polypeptide of (1), wherein the scaffold
protein further comprises a p2/p7 recognition site imbedded
in the cytoplasmic loop of the scatfold,

where optionally the p2/p7 recognition sequence com-
prises or consists of ATIMMQRGN (SEQ ID NO:2), or
optionally an exemplary amino-acid sequence of p2/p7 com-
prises AEAMSQVTNS/ATIMMQRGN/FRN-
QRKIVKCFNCGKEGHTARNCRAPRKKGCWK
CGKEGHQMKDCTERQAN ATIMMQRGN (SEQ ID
NO:5).

In alternative embodiments, the invention provides chi-
meric polypeptides comprising:

(1) (1) an amino acid motif or subsequence susceptible to
cleavage by a protease or enzyme, or the HIV-1 protease,
or a viral, a microbial or a mammalian protease or
enzyme, or a NS2/NS3 or NS3/NS4A protease of HCV,
or any Hepatitis C Virus (HCV) or Dengue Virus (DenV)
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protease, or a West Nile Virus, a Yellow Fever Virus, or
any Flaviviridae virus, under physiologic (cell culture)
conditions;

(ii) a transmembrane domain;

(iii) a signal sequence or any amino acid motif that places
the scaffold protein on the extracellular surface of the
cell; and

(iv) a detectable moiety, a luminescent moiety, a Green
Fluorescent Protein (GFP) or a luciferase, or any com-
pound that can be directly or indirectly detected,

wherein the amino acid motif or subsequence susceptible
to cleavage by the protease or enzyme, or the HIV-1 protease,
or a viral, a microbial or a mammalian protease or enzyme, or
a NS2/NS3 or NS3/NS4A protease of HCV, or any Hepatitis
C Virus (HCV) or Dengue Virus (DenV) protease, or a West
Nile Virus, a Yellow Fever Virus, or any Flaviviridae virus, is
positioned within the scaffold protein such that when the
detectable moiety is cleaved away from (off from) the scaf-
fold protein by the protease or enzyme, or the HIV-1 protease,
or a viral, a microbial or a mammalian protease or enzyme, or
a NS2/NS3 or NS3/NS4A protease of HCV, or any Hepatitis
C Virus (HCV) or Dengue Virus (DenV) protease, or a West
Nile Virus, a Yellow Fever Virus, or any Flaviviridae virus, the
remaining subsequence of scatfold protein on the extracellu-
lar surface of the cell lacks the detectable moiety; or

(2) the chimeric polypeptide of (1), wherein the scaffold
protein further comprises an endoplasmic reticulum (ER)
retention motif or a KDEL motif,

wherein in alternative embodiments the ER retention motif
or KDEL motifis positioned in the scaffold protein such that
when the protease or enzyme, or the HIV-1 protease, or a
viral, a microbial or a mammalian protease or enzyme, or a
NS2/NS3 or NS3/NS4A protease of HCV, or any Hepatitis C
Virus (HCV) or Dengue Virus (DenV) protease, or a West
Nile Virus, a Yellow Fever Virus, or any Flaviviridae virus, is
active the scaffold will be separated into two pieces, leaving
the ER retention motif-comprising or KDEL motif-compris-
ing portion of the polypeptide in the ER and freeing the
detectable moiety-comprising portion to the cell’s extracel-
Iular membrane, and if the protease or enzyme, or the HIV-1
protease, or a viral, a microbial or a mammalian protease or
enzyme, or a NS2/NS3 or NS3/NS4A protease of HCV, or
any Hepatitis C Virus (HCV) or Dengue Virus (DenV) pro-
tease, or a West Nile Virus, a Yellow Fever Virus, or any
Flaviviridae virus, is blocked or inactive, the entire scaffold
polypeptide will be retained in the ER, and as a consequence
will not be detected on the cell’s extracellular surface.

In alternative embodiments, the invention provides cell-
based platforms, multiplexed platforms or systems, or cell-
based methods, for monitoring the activity of the protease or
enzyme, or a HIV-1 protease, or a viral, a microbial or a
mammalian protease or enzyme, ora NS2/NS3 or NS3/NS4A
protease of HCV, or any Hepatitis C Virus (HCV) or Dengue
Virus (DenV) protease, or a West Nile Virus, a Yellow Fever
Virus, or any Flaviviridae virus, comprising:

(1) (a) providing: a nucleic acid encoding a chimeric (hy-
brid) protein (or one or more chimeric (hybrid) proteins)
operatively linked to a transcriptional regulatory unit, a pro-
moter and/or enhancer, a doxycycline inducible promoter);
and, a cell comprising an environment capable of supporting
the expression of the chimeric (hybrid) protein by the nucleic
acid,

wherein the chimeric (hybrid) protein comprises a chi-
meric Gal4 expression system comprising (i) an N-terminal
Gald DNA-binding domain, optionally a DBD: aa 1-147); (ii)
an enzyme whose activity is to be monitored, or an enzymati-
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cally active fragment thereof; and (iii) a Gal4 C-terminal
Transactivation domain, optionally a TAD: aa 768-881),

and the enzyme whose activity is to be monitored or the
enzymatically active fragment thereof is positioned in or
within the chimeric protein such that an enzymatically active
enzyme or enzymatically active fragment thereof is capable
of cleaving or physically separating or otherwise functionally
separating the N-terminal Gal4 DNA-binding domain from
the Gal4 C-terminal Transactivation domain such that the
Gal4 can no longer act as a functional transcription factor, and
if the enzyme whose activity is to be monitored is inhibited
such that it is no longer enzymatically active (or substantially
no longer enzymatically active) the Gal4 C-terminal Trans-
activation domain in conjunction with the N-terminal Gal4
DNA-binding domain can function as a functional transcrip-
tion factor;

(b) inserting (transfecting) the nucleic acid of (a) into the
cell,

wherein optionally the cell does not already express a
heterologous or endogenous protease or enzyme, or the
HIV-1 protease, or a viral, a microbial or a mammalian pro-
tease or enzyme, or a NS2/NS3 or NS3/NS4A protease of
HCV, or any Hepatitis C Virus (HCV) or Dengue Virus
(DenV) protease, or a West Nile Virus, a Yellow Fever Virus,
or any Flaviviridae virus; and

(c) contacting the cell with a putative (test) enzyme inhibi-
tor,

wherein optionally the enzyme inhibitor comprises a small
molecule, a protein, a nucleic acid, a polysaccharide and/or a
lipid,

and optionally the enzyme inhibitor is added to the cell
before, during and/or after inserting (transfecting) the nucleic
acid of (a) into the cell and/or expressing the chimeric protein
encoded by the nucleic acid of (a) in the cell,

and optionally cell-based method further comprises a
negative control set of cells into which the nucleic acid of (a)
also has been inserted and transfected and expresses the chi-
meric protein encoded by the nucleic acid of (a), but the
negative control set of cells is not exposed to the putative
(test) enzyme inhibitor or is exposed to a different putative
(test) enzyme inhibitor;

(d) determining whether the putative (test) enzyme inhibi-
tor is an effective or sufficient inhibitor of the enzyme or
enzymatically active fragment thereof by measuring the abil-
ity ofthe Gal4 C-terminal Transactivation domain in conjunc-
tion with the N-terminal Gal4 DNA-binding domain to func-
tion as a functional transcription factor,

wherein optionally the ability of the Gal4 C-terminal
Transactivation domain in conjunction with the N-terminal
Gal4 DNA-binding domain to function as a functional tran-
scription factor is measured by expression of a Fluorescent
Protein (FP), an e-green fluorescent protein, or eGFP (excited
with the 488 nm blue laser, an e-cyan fluorescent protein (or
eCFP, using a 405 nm violet laser), and/or an mOrange or an
mCherry (561 nm yellow laser), where the FP or GFP coding
sequence is operably linked to or dependent (for its transcrip-
tion) on the transcription factor;

(2) the cell-based platform, multiplexed platform or sys-
tem, or cell-based method of (1), wherein the enzyme is a
protease or an HIV-1 protease, or a NS2/NS3 or NS3/NS4A
protease of HCV;

(3) the cell-based platform, multiplexed platform or sys-
tem, or cell-based method of (1) or (2), wherein the cell is a
hepatocyte, or a lymphocyte or a T cell, or a CD4+ T cell, or
a mammalian cell or a human cell;
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(4) the cell-based platform, multiplexed platform or sys-
tem, or cell-based method of any of (1) to (3), further com-
prising:

(a) running a negative control comprising dividing the
plurality of the cells co-expressing the nucleic acid of (a)
in the cell and not adding the compound to be screened
(the putative (test) enzyme inhibitor) as an inhibitor to
one of the divided cell samples; or

(b) running a positive control comprising dividing the plu-
rality of the cells co-expressing the nucleic acid of (a) in
the cell and adding a known inhibitor of the enzyme, or
aknown inhibitor of a protease or enzyme, or the HIV-1
protease, or a viral, a microbial or a mammalian protease
or enzyme, or a NS2/NS3 or NS3/NS4A protease of
HCYV, or any Hepatitis C Virus (HCV) or Dengue Virus
(DenV) protease, or a West Nile Virus, a Yellow Fever
Virus, or any Flaviviridae virus, to one of the divided cell
samples;

(5) the cell-based platform, multiplexed platform or sys-

tem, or cell-based method of any of (1) to (4), wherein:

(a) the transcriptional regulatory unit comprises a pro-
moter, an inducible promoter or a constitutive promoter;

(b) the cell is a mammalian cell, a monkey cell or a human
cell, and optionally the cells are genetically bar-coded;

(c) the positive activity of the Gal4 C-terminal Transacti-
vation domain in conjunction with the N-terminal Gal4
DNA-binding domain to function as a functional tran-
scription factor is detected or measured by a high
throughput screen, a plate reader, a flow cytometry or a
microscope visualization;

(d) the compound to be screened as an inhibitor of the
protease or enzyme, or the HIV-1 protease, or a viral, a
microbial or a mammalian protease or enzyme, or a
NS2/NS3 or NS3/NS4A protease of HCV, or any Hepa-
titis C Virus (HCV) or Dengue Virus (DenV) protease, or
a West Nile Virus, aYellow Fever Virus, or any Flaviviri-
dae virus, comprises a small molecule, a nucleic acid, a
polypeptide or peptide, a peptidomimetic, a polysaccha-
ride or a lipid;

(e) the compound to be screened as an inhibitor of the
protease or enzyme, or the HIV-1 protease, or a viral, a
microbial or a mammalian protease or enzyme, or a
NS2/NS3 or NS3/NS4A protease of HCV, or any Hepa-
titis C Virus (HCV) or Dengue Virus (DenV) protease, or
a West Nile Virus, aYellow Fever Virus, or any Flaviviri-
dae virus, is a member of a library of compounds to be
screened, or a member of a random peptide library or a
chemical compound library;

(f) the transcriptional regulatory unit comprises a pro-
moter, or the transcriptional regulatory unit comprises
an inducible promoter or a constitutive promoter;

(g) the cell is a mammalian cell, a monkey cell or a human
cell; or a lymphocyte, or a T cell, or a CD4- or CD8-
expressing cell, and optionally the cells are genetically
bar-coded; or

(h) the enzyme is a viral protease, a microbial proteaseor a
mammalian protease; or

(6) the cell-based platform, multiplexed platform or sys-
tem, or cell-based method of any of (1) to (5), wherein two or
more, or a plurality of, enzymes or proteases are screened in
the same cell, wherein optionally they are variants of the same
enzyme or protease, or different enzymes or proteases, or a
combination thereof.

In alternative embodiments, the invention provides iso-
lated, recombinant or synthetic nucleic acids encoding a chi-
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meric (hybrid) protein operatively linked to a transcriptional
regulatory unit, a promoter and/or enhancer, or a doxycycline
inducible promoter),

wherein the chimeric (hybrid) protein comprises a chi-
meric Gal4 expression system comprising (i) an N-terminal
Gald DNA-binding domain, optionally a DBD: aa 1-147); (ii)
an enzyme whose activity is to be monitored, or an enzymati-
cally active fragment thereof; and (iii) a Gal4 C-terminal
Transactivation domain, optionally a TAD: aa 768-881),

and the enzyme whose activity is to be monitored or the
enzymatically active fragment thereof is positioned in or
within the chimeric protein such that an enzymatically active
enzyme or enzymatically active fragment thereof is capable
of cleaving or physically separating or otherwise functionally
separating the N-terminal Gal4 DNA-binding domain from
the Gal4 C-terminal Transactivation domain such that the
Gal4 can no longer act as a functional transcription factor, and
if the enzyme whose activity is to be monitored is inhibited
such that it is no longer enzymatically active (or substantially
no longer enzymatically active) the Gal4 C-terminal Trans-
activation domain in conjunction with the N-terminal Gal4
DNA-binding domain can function as a functional transcrip-
tion factor,

wherein optionally the ability of the Gal4 C-terminal
Transactivation domain in conjunction with the N-terminal
Gal4 DNA-binding domain to function as a functional tran-
scription factor is measured by expression of a Fluorescent
Protein (FP), an e-green fluorescent protein, or eGFP (excited
with the 488 nm blue laser, an e-cyan fluorescent protein (or
eCFP, using a 405 nm violet laser), and/or an mOrange or an
mCherry (561 nm yellow laser), where the FP or GFP coding
sequence is operably linked to or dependent (for its transcrip-
tion) on the transcription factor.

In alternative embodiments, the invention provides cell
comprising an isolated, recombinant or synthetic nucleic acid
of'the invention, wherein optionally the cell is a hepatocyte, or
a lymphocyte or a T cell, or a CD4+ T cell, or a mammalian
cell or a human cell.

In alternative embodiments of the chimeric Gal4 expres-
sion systems, the invention provides vectors, expression cas-
settes, cosmids or plasmids comprising or having contained
therein the isolated, recombinant or synthetic nucleic acid of
the invention. In alternative embodiments, the invention pro-
vides cells comprising a vector, expression cassette, cosmid
or plasmid of the invention.

In alternative embodiments the invention provides chi-
meric Gal4 expression systems comprising:

(a) (1) an N-terminal Gal4 DNA-binding domain, option-
ally a DBD: aa 1-147); (ii) an enzyme whose activity is to be
monitored, or an enzymatically active fragment thereof; and
(iii) a Gal4 C-terminal Transactivation domain, optionally a
TAD: aa 768-881), and the enzyme whose activity is to be
monitored or the enzymatically active fragment thereof is
positioned in or within the chimeric protein such that an
enzymatically active enzyme or enzymatically active frag-
ment thereofis capable of cleaving or physically separating or
otherwise functionally separating the N-terminal Gal4 DNA-
binding domain from the Gal4 C-terminal Transactivation
domain such that the Gal4 can no longer act as a functional
transcription factor, and if the enzyme whose activity is to be
monitored is inhibited such that it is no longer enzymatically
active (or substantially no longer enzymatically active) the
Gal4 C-terminal Transactivation domain in conjunction with
the N-terminal Gal4 DNA-binding domain can function as a
functional transcription factor,
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wherein optionally transcription/expression of the chi-
meric Gal4 expression system is operably linked to a pro-
moter and/or an enhancer, or a doxycycline inducible pro-
moter,

wherein optionally the ability of the Gal4 C-terminal Trans
activation domain in conjunction with the N-terminal Gal4
DNA-binding domain to function as a functional transcrip-
tion factor is measured by expression of a Fluorescent Protein
(FP), an e-green fluorescent protein, or eGFP (excited with
the 488 nm blue laser, an e-cyan fluorescent protein (or eCFP,
using a 405 nm violet laser), and/or an mOrange or an
mCherry (561 nm yellow laser), where the FP or GFP coding
sequence is operably linked to or dependent (for its transcrip-
tion) on the transcription factor; or

(b) the chimeric Gal4 expression system of (a), wherein:
the enzyme is a protease, or a viral protease, a microbial
protease or a mammalian protease; or the enzyme is an HIV-1
protease, or a NS2/NS3 or a NS3/NS4A protease of HCV, or
a Hepatitis C Virus (HCV) or Dengue Virus (DenV) protease.

In alternative embodiments of the chimeric Gal4 expres-
sion systems, the invention provides cells comprising the
chimeric Gal4 expression system of the invention, wherein
optionally the cell is a hepatocyte, or a lymphocyte ora T cell,
or a CD4+ T cell, or a mammalian cell or a human cell.

In alternative embodiments the invention provides multi-
plexed systems adapted for multiplexed analysis of a plurality
of'enzymes (more than one enzyme) inhibitors or modulators,
comprising:

(a) a chimeric Gal4 expression system, wherein inhibition
of different enzymes is monitored by the expression of a
different detectable moiety, a different luminescent moiety, a
different Fluorescent Protein (FP), an e-green fluorescent
protein, or eGFP (excited with the 488 nm blue laser, an
e-cyan fluorescent protein (or eCFP, using a 405 nm violet
laser), and/or an mOrange or an mCherry (561 nm yellow
laser);

(b) the multiplexed system of (a), wherein the different
enzymes or proteases, are expressed in bar-coded cells engi-
neered to have a characteristic genetic background resulting
in the expression of specific fluorescent proteins.

In alternative embodiments the invention provides chi-
meric Gal4 expression systems isolated, recombinant or syn-
thetic nucleic acids encoding a chimeric (hybrid) protein,
wherein the chimeric (hybrid) protein comprises (or consists
of) from N- to C-terminus:

(a) (1) a signal sequence (motif) for Endoplasmic Reticu-
lum (ER) targeting,

(ii) a tag or detection moiety, or “scaffold”, capable of
being recognized on a cell surface,

(iii) at least two transmembrane domains that span the ER
membrane, with an extra loop at the ER luminal face,

(iv) an enzyme recognition/cleavage site spanning a seg-
ment of a gp120/41 boundary, facing the ER lumen, and

(v) an ER retention sequence or motif;,

(b) the chimeric (hybrid) protein of (a), wherein the tag or
detection moiety, or “scaffold”, comprises a tag for an anti-
body or an antigen binding fragment thereof (the antibody
binding specifically to the tag or detection moiety, or “scaf-
fold”), or the tag or detection moiety, or “scaffold”, comprises
a ligand, or the tag or detection moiety, or “scaffold”, com-
prises a FLAG molecule or equivalent thereof;,

(c) the chimeric (hybrid) protein of (a), wherein enzyme
recognition/cleavage site comprises a furin enzyme recogni-
tion/cleavage site, a calcium-dependent protein convertase
enzyme recognition/cleavage site, prohormone convertase-1
(PC1) enzyme recognition/cleavage site, or an enzyme rec-
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ognition/cleavage site derived from a member of the subtili-
sin/kexin family of proprotein convertases;

(d) the chimeric (hybrid) protein of (a), wherein enzyme
recognition/cleavage site comprises an enzyme recognition/
cleavage site within the V3 loop of gp120;

(e) the chimeric (hybrid) protein of (a), wherein the ER
retention sequence or motif comprises a KDEL (SEQ ID
NO:1) sequence or equivalent thereof;

(D) the chimeric (hybrid) protein of (a), wherein the gp120/
41 is an HIV-1 gp120/41;

(g) the chimeric (hybrid) protein of (a), wherein the at least
two transmembrane domains that span the ER membrane
consist of two transmembrane domains;

(h) the chimeric (hybrid) protein of (a), wherein the at least
two transmembrane (TM) domains that span the ER mem-
brane comprise at least one TM of a CRRS;

(1) the chimeric (hybrid) protein of (h), wherein the at least
two transmembrane (TM) domains that span the ER mem-
brane comprise TM1 and TM2 from the CRRS;

(j) the chimeric (hybrid) protein of (a), wherein the gp120/
gp4l boundary comprises the recognition/cleavage site
REKRA (SEQ ID NO:6);

(k) the chimeric (hybrid) protein of (a), wherein the gp120/
gp41 boundary further comprises a restriction enzyme recog-
nition site acids at both sides, or comprises additional amino-
acids at both sides comprising AKRRVVQREKR (SEQ ID
NO:3) and AVGIGALF (SEQ ID NO:4); or

(1) the isolated, recombinant or synthetic nucleic acid
encoding the chimeric (hybrid) protein is operatively linked
to a transcriptional regulatory unit, or a promoter such as an
inducible or constitutive promoter.

In alternative embodiments the invention provides vectors,
recombinant viruses, cloning vehicles, expression cassettes,
cosmids or plasmids comprising (or consisting of) or having
contained therein an isolated, recombinant or synthetic
nucleic acid of the invention, e.g., comprising or used in a
chimeric Gal4 expression system.

In alternative embodiments the invention provides chi-
meric or hybrid polypeptides comprising (or consisting of):
(a) the polypeptide encoded by a nucleic acid of the invention,
e.g., comprising or used in a chimeric Gal4 expression sys-
tem; or (b) the chimeric (hybrid) protein of (a), wherein the
protein comprises a synthetic protein or peptide, recombinant
protein or peptide, a peptidomimetic or a combination
thereof.

In alternative embodiments the invention provides chi-
meric or hybrid proteins comprising (or consisting of) from
N- to C-terminus:

(a)) (i) a signal sequence (motif) for Endoplasmic Reticu-
lum (ER) targeting,

(i) a tag or detection moiety, or “scaffold”, capable of
being recognized on a cell surface,

(iii) at least two transmembrane domains that span the ER
membrane, with an extra loop at the ER luminal face,

(iv) an enzyme recognition/cleavage site spanning a seg-
ment of a gp120/41 boundary, facing the ER lumen, and

(v) an ER retention sequence or motif;

(b) the chimeric (hybrid) protein of (a), wherein the tag or
detection moiety, or “scaffold”, comprises a tag for an anti-
body or an antigen binding fragment thereof (the antibody
binding specifically to the tag or detection moiety, or “scaf-
fold”), orthe tag or detection moiety, or “scaffold”, comprises
a ligand, or the tag or detection moiety comprises a FLAG
molecule or equivalent thereof;

(c) the chimeric (hybrid) protein of (a), wherein enzyme
recognition/cleavage site comprises a furin enzyme recogni-
tion/cleavage site, a calcium-dependent protein convertase
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enzyme recognition/cleavage site, prohormone convertase-1
(PC1) enzyme recognition/cleavage site, or an enzyme rec-
ognition/cleavage site derived from a member of the subtili-
sin/kexin family of proprotein convertases;

(d) the chimeric (hybrid) protein of (a), wherein enzyme
recognition/cleavage site comprises an enzyme recognition/
cleavage site within the V3 loop of gp120;

(e) the chimeric (hybrid) protein of (a), wherein the ER
retention sequence or motif comprises a KDEL (SEQ ID
NO:1) sequence or equivalent thereof;

() the chimeric (hybrid) protein of (a), wherein the gp120/
41 is an HIV-1 gp120/41;

(g) the chimeric (hybrid) protein of (a), wherein the at least
two transmembrane domains that span the ER membrane
consist of two transmembrane domains;

(h) the chimeric (hybrid) protein of (a), wherein the at least
two transmembrane (TM) domains that span the ER mem-
brane comprise at least one TM of a CRRS;

(1) the chimeric (hybrid) protein of (h), wherein the at least
two transmembrane (TM) domains that span the ER mem-
brane comprise TM1 and TM2 from the CRRS;

(j) the chimeric (hybrid) protein of (a), wherein the gp120/
gp4l boundary comprises the recognition/cleavage site
REKRA (SEQ ID NO:6);

(k) the chimeric (hybrid) protein of (a), wherein the gp120/
gp41 boundary further comprises a restriction enzyme recog-
nition site acids at both sides, or comprises additional amino-
acids at both sides comprising AKRRVVQREKR (SEQ ID
NO:3) and AVGIGALF (SEQ ID NO:4); or

(1) the chimeric (hybrid) protein of (a), wherein the protein
comprises (or consists of) a synthetic protein or peptide,
recombinant protein or peptide, a peptidomimetic or a com-
bination thereof.

In alternative embodiments the invention provides cells
comprising (a) the isolated, recombinant or synthetic nucleic
acid of the invention, e.g., comprising a signal sequence (mo-
tif) for Endoplasmic Reticulum (ER) targeting, wherein
optionally the cell is a mammalian or a human cell, wherein
optionally the cell is a hepatocyte, or a lymphocyte ora T cell,
ora CD4+ T cell.

In alternative embodiments the invention provides cell-
based platforms, multiplexed systems or platforms, or a cell-
based methods, for monitoring the activity of an enzyme, or
for screening for an inhibitor of the enzyme, comprising:

(1) (a) providing: (i) a nucleic acid encoding the chimeric
(hybrid) protein of the invention, e.g., comprising a signal
sequence (motif) for Endoplasmic Reticulum (ER) targeting;
and, a cell comprising an environment capable of supporting
the expression of the chimeric (hybrid) protein by the nucleic
acid;

(b) inserting or transfecting or infecting the nucleic acid,
vector, recombinant virus, cloning vehicle, expression cas-
sette, cosmid or plasmid of (a) into the cell; and

(c) contacting the cell with a putative (test) enzyme inhibi-
tor,

wherein optionally the enzyme inhibitor is added to the cell
before, during and/or after inserting (transfecting) the nucleic
acid, vector, recombinant virus, cloning vehicle, expression
cassette, cosmid or plasmid of (a) into the cell and/or express-
ing the chimeric protein encoded by a nucleic acid of (a) in the
cell,

and optionally the cell-based method further comprises a
negative, positive and/or alternative control set of cells into
which the nucleic acid, vector, recombinant virus, cloning
vehicle, expression cassette, cosmid or plasmid of (a) also has
been inserted (or transfected) and expresses the chimeric
protein encoded by a nucleic acid of (a), but the negative
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control set of cells is not exposed to the putative (test) enzyme
inhibitor or is exposed to a different putative (test) enzyme
inhibitor, or a different amount of putative (test) enzyme
inhibitor, or a positive control wherein the cells are exposed to
a known inhibitor of the enzyme; and

(d) determining whether the putative (test) enzyme inhibi-
tor is an effective or sufficient inhibitor or modulator of the
enzyme or an enzymatically active fragment thereof by mea-
suring the ability of the putative (test) enzyme inhibitor to
partially or completely inhibit cleavage of the enzyme recog-
nition/cleavage site;

(2) the cell-based platform, multiplexed system or plat-
form, or cell-based method of (1), further comprising mea-
suring the ability of the putative (test) enzyme inhibitor to
partially or completely inhibit cleavage of the enzyme recog-
nition/cleavage site comprises detecting and/or measuring
the amount of tag or detection moiety, or “scaffold”, on the
cell surface;

(3) the cell-based platform, multiplexed system or plat-
form, or cell-based method of (1) or (2), wherein the cell is a
hepatocyte, a lymphocyte or a T cell, or a CD4+ T cell, or a
human cell;

(4) the cell-based platform, multiplexed system or plat-
form, or cell-based method of any of (1) to (3), further com-
prising running a negative control comprising dividing the
plurality of the cells co-expressing a nucleic acid of (a) in the
cell and not adding the compound to be screened (the putative
(test) enzyme inhibitor) as an inhibitor to one of the divided
cell samples;

(5) the cell-based platform, multiplexed system or plat-
form, or cell-based method of any of (1) to (4), further com-
prising running a positive control comprising dividing the
plurality of the cells co-expressing the nucleic acid of (a) in
the cell and adding a known inhibitor of the enzyme, or a
known inhibitor of a furin enzyme, a calcium-dependent pro-
tein convertase enzyme, prohormone convertase-1 (PC1)
enzyme, or an enzyme from a member of the subtilisin/kexin
family of proprotein convertases, to one of the divided cell
samples; or

(6) the cell-based platform, multiplexed system or plat-
form, or cell-based method of any of (1) to (5), wherein:

(a) the transcriptional regulatory unit comprises a pro-

moter, an inducible promoter or a constitutive promoter;

(b) the cell is a mammalian cell, a monkey cell or a human
cell, or the cell is a mammalian cell, a monkey cell or a
human cell, or a hepatocyte, a lymphocyte, ora T cell, or
a CD4- or CD8-expressing cell, and optionally the cells
are genetically bar-coded;

(c) the tag or detection moiety, or “scaffold”, is detected or
measured on the cell surface by a high throughput
screen, a plate reader, a flow cytometry or a microscope
visualization;

(d) the compound to be screened as an inhibitor of the
enzyme comprises a small molecule, a nucleic acid, a
polypeptide or peptide, a peptidomimetic, a polysaccha-
ride and/or a lipid; or

(e) the compound to be screened as an inhibitor of the
enzyme is a member of a library of compounds to be
screened, or a member of a random peptide library or a
chemical compound library; or

(6) the cell-based platform, multiplexed platform or sys-
tem, or cell-based method of any of (1) to (6), wherein two or
more, or a plurality of, enzymes or proteases are screened in
the same cell, wherein optionally they are variants of the same
enzyme or protease, or different enzymes or proteases, or a
combination thereof;
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The details of one or more embodiments of the invention
are set forth in the accompanying drawings and the descrip-
tion below. Other features, objects, and advantages of the
invention will be apparent from the description and drawings,
and from the claims.

All publications, patents, patent applications, GenBank
sequences and ATCC deposits, cited herein are hereby
expressly incorporated by reference for all purposes.

DESCRIPTION OF DRAWINGS

FIG. 1 graphically illustrates a representation of an exem-
plary assay of the invention, as discussed in detail, below.

FIG. 2A graphically illustrates an exemplary vector used to
corroborate the expression of a scaffold of this invention on a
cell surface by flow cytometry, as graphically illustrated in
FIG. 2B, as discussed in detail, below.

FIG. 3 illustrates by fluorescence microscopy use of an
exemplary vector of the invention, a Tet-inducible HIV-based
self-inactivating vector, that allows regulated expression of a
gene of interest, as discussed in detail, below.

FIG. 4, lower panels, illustrate by fluorescence microscopy
that a N-terminal GFP fusion is highly expressed, as illus-
trated in F1G. 4; and, this fusion seems to be expressed at low
levels even in the absence of inhibitor, as illustrated in FIG. 4,
upper panels and FIG. 5, demonstrating that active PR can be
expressed at low levels without cytotoxic effects, as discussed
in detail, below.

FIG. 5 graphically illustrates flow cytometry analysis of
cells expressing PR-GFP fusion, as discussed in detail, below.

FIG. 6 illustrates a Western blot analysis of protease (PR)
activity using the exemplary vector of FIG. 3, as discussed in
detail, below.

FIG. 7 illustrates an exemplary construct of the invention
and an exemplary scenario for monitoring of protease, e.g.,
PR, activity, as discussed in detail, below: briefly, when pro-
tease, e.g., PR, is active (left panel of FIG. 7), the scaffold will
be separated into two pieces, leaving the KDEL portion in the
ER and freeing the FLAG tag portion to the membrane, where
it will be detected by flow cytometry; if protease, e.g., PR, is
blocked or inactive (right panel of FIG. 7), the entire scaffold
will be retained in the ER, and as a consequence will not be
detected on the surface.

FIG. 8 illustrates HIV-1 Genome organization, as dis-
cussed in detail in Example 1, below.

FIG. 9 illustrates a fluorescence analysis showing indirect
confirmation of HIV-1 PR activity: FIG. 9A illustrates exem-
plary plasmids pCMVDS8.2, D8.7 and D8.91; and FIG. 9B
illustrates a Western blot detecting the presence of p24; as
discussed in detail in Example 1, below

FIG. 10 illustrates an exemplary construct of the invention
(LTR/Min CMV-TO/GFP/pPGK/rtTA/IRES/Puro/LTR) and
the results of an inducible expression system of the invention,
as discussed in detail in Example 1, below.

FIG. 11 graphically illustrate expression of exemplary
HIV-1 PR/GFP fusion proteins of the invention: in order to
detect PR expression, GFP was fused to the carboxy- (C-) or
amino- (N-) terminus of PR, as discussed in detail in Example
1, below.

FIG. 12 illustrates a Western Blot of PR/GFP fusion pro-
teins with anti-PR antibody, as discussed in detail in Example
1, below.

FIG. 13 illustrates targeting HIV-1 PR to different cellular
compartments: PR was targeted to the nucleus by adding a
nuclear localization signal to the C terminus using the exem-
plary vector, as discussed in detail in Example 1, below.
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FIG. 14 illustrates a schematic representation of an exem-
plary scaftold of the invention and an exemplary protease
(e.g., PR) assay based on surface expression of the scaffold
protein, as discussed in detail in Example 1, below.

FIG. 15 illustrates two exemplary constructs of the inven-
tion: pCMV/GFP=>Zeo, and pCMV/GFP=>SS-FLAG/P2-
P7/TM=>Zeo; and flow cytometry analysis of the expression
of these two scaftold proteins on the surface of 293T cells;
FIG. 15A illustrates results for the control construct and FIG.
15B illustrates results for the scaffold protein construct; as
discussed in detail in Example 1, below.

FIG. 16 illustrates the results of use of an exemplary con-
struct of the invention, pCMV/GFP/PCS/GFP-NLS=Zeo,
where GFP as a biosensor of PR activity; as discussed in
detail in Example 1, below.

FIG. 17 illustrates an exemplary construct of the invention
where a nuclear localization signal is separated by a detect-
able moiety, e.g., a fluorescent protein, by a protease cleavage
site; as discussed in detail in Example 1, below.

FIG. 18 schematically illustrates an exemplary assay of the
invention for screening peptide libraries; as discussed in
detail in Example 1, below.

FIG. 19 schematically illustrates an overview of an exem-
plary assay of the invention: FIG. 19A—Wild type Gal4 as
control, no Dox; FIG. 19B—In the presence of Dox, Gal4
expression is induced; FIG. 19C—The same system with the
PR/Gal4 fusion; FIG. 19D—The same scenario as in 19C but
in the presence of a PR inhibitor; as discussed in detail in
Example 2, below.

FIG. 20 illustrates a transient expression of components of
an exemplary assay in HEK293T cells: FIG. 20A schemati-
cally illustrates constructs used for transient expression of the
assay elements; FIG. 20B: Top Panel: illustration of a fluo-
rescence microscopy of eGFP expression in HEK293T cells
24 hours post transfection with the reporter vector (pFR), or
co-transfection with the reporter vector plus either the Gal4,
PR/Gal4, or PRm/Gal4 vectors; Bottom panel: HEK293T
cells were analyzed by flow cytometry at 24 hours post trans-
fection with the same conditions top panel; FIG. 20C graphi-
cally illustrates the quantification of eGFP expression in
HEK293T transfected with various assay elements; as dis-
cussed in detail in Example 2, below.

FIG. 21 illustrates generation of a monoclonal T-cell line
stably expressing inducible assay elements: FIG. 21A (upper
left) schematically illustrates exemplary constructs utilized to
generate infectious particles for the transduction of SupT1
cells with the various assay elements; FIG. 21B (right) illus-
trates data from a cell sorting assay; FIG. 21C (lower left)
illustrates images of fluorescence microscopy of SupTl
clones expressing the assay elements; as discussed in detail in
Example 2, below.

FIG. 22 graphically illustrates data determining the opti-
mal conditions for activating the assay to screen for PR inhi-
bition: FIG. 22A graphically illustrates a doxycycline titra-
tion using clonal SupT1 cells harboring an inducible Gal4,
PR/Gal4 or PRm/Gal4 pre-incubated with either DMSO or 10
UM Indinavir and then either left untreated, or activated with
50, 100, 200, 500, 1000, or 20000 ng/mL of Dox; FIG. 22B
graphically illustrates the time course of eGFP Induction in
response to Doxycyline activation in the presence of DMSO
or a PI; as discussed in detail in Example 2, below.

FIG. 23 graphically illustrates data from an assay response
to existing PI’s; as discussed in detail in Example 2, below.

FIG. 24 schematically illustrates an exemplary assay of the
invention, a conditional Protease/Gal4 fusion-based system,
where GFP is activated only in the presence of a Protease
Inhibitor: FIG. 24A schematically illustrates: No doxycy-
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cline, Gal4 (DB and TA domains) cannot be expressed; FIG.
24B schematically illustrates: In the presence of doxycycline:
D, rtTA binds to the tet-responsive element (TRE) and
induces Gal4 expression resulting in the activation of GFP
expression; FIG. 24C schematically illustrates: protease/
Gal4 is expressed; however, its catalytic activity results in the
separation of the Gal4 domains, resulting in the lack of GFP
expression; FIG. 24D schematically illustrates: in the pres-
ence of a protease inhibitor (PI), the PR/Gal4 fusion remains
intact, resulting in the induction of GFP expression; as dis-
cussed in detail in Example 3, below.

FIG. 25 schematically illustrates exemplary plasmids of
the invention; as discussed in detail in Example 3, below.

FIG. 26 illustrates data from a fluorescent cell sorting
assay, a FACS, showing that GFP is expressed only with the
addition of an active PI; as discussed in detail in Example 3,
below.

FIG. 27 graphically summarizes the data analysis for 24 h
post transfection: FIG. 27A. Fluorescence microscopy; FIG.
27B. Flow cytometry; FIGS. 27A, 27B, 27C, and 27D illus-
trate Quantification of Flow data; PI=10 um Indinavir; as
discussed in detail in Example 3, below.

FIG. 28 illustrates data: the y axis is: % GFP+cells; the x
axis is +FRGFP; for each of the paired columns the left
column is control and the right column is with inhibitor; the
first lane (no columns) is mock run; the second column pair is
negative control; the third column pair is “pGal4”; the fourth
column pair is “pPRm/Gal4”; and the fifth column pair is
“pPR/Gal4”; as discussed in detail in Example 3, below.

FIG. 29 illustrates constructs used for the generation of
retroviral particles; as discussed in detail in Example 3,
below.

FIG. 30 illustrates plasmids for production of retroviral
infectious particles; as discussed in detail in Example 3,
below.

FIG. 31 illustrates data from a cell sorting assay where
clones were screened for the highest responsiveness to Dox
and PI; where the Gal 4 row shows that Tet inducible activa-
tion is very tight; the pPRm row shows that the mutant is
inactive; the PR row shows that PR/Gal4 clones exhibit ~90%
activation with <1% background. Dox=1 pg/ml. Doxycy-
cline; PI=10 uM Indinavir; as discussed in detail in Example
3, below.

FIG. 32 graphically illustrates GFP expression in selected
clones, where the data demonstrates that stable T-cell clones
robustly report PR Inhibition; as discussed in detail in
Example 3, below.

FIG. 33 graphically illustrates Doxycycline Titration—
pre-incubation of clonal SupT1 cells with DMSO or 10 uM PI
(Indinavir), where the data demonstrates that activation is
saturated around 1 pg/ml; as discussed in detail in Example
3, below.

FIG. 34 graphically illustrates the Time Kinetics of the
assay in 96-well plates: Pre-incubation of clonal SupT1 cells
with 10 uM PI (Indinavir)}—control is no Dox with
test=Activation at 1 mg/ml. Dox, where the data demon-
strates that activation of clones reaches max around 48 hrs; as
discussed in detail in Example 3, below.

FIG. 35 graphically illustrates data from incubating clonal
T-cell lines with various concentrations of PI’s; as discussed
in detail in Example 3, below.

FIG. 36 schematically illustrates the HIV-1 genome and
proteome, and the role of furin, PC-1 and similar host pepti-
dases—the enzymes targeted for inhibition by assays of this
invention; as discussed in detail in Example 4, below.

FIG. 37 schematically illustrates an exemplary assay of the
invention; as discussed in detail in Example 4, below.
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FIG. 38 schematically illustrates constructs for assays of
the invention; as discussed in detail in Example 4, below.

FIG. 39 graphically illustrates flow cytometry data from a
FLAG detection assay of the invention; as discussed in detail
in Example 4, below.

FIG. 40 schematically illustrates an exemplary screening
process for an assay of the invention; as discussed in detail in
Example 4, below.

FIG. 41 schematically illustrates construction of a random
peptide library used in an alternative embodiment of the
invention; as discussed in detail in Example 4, below.

FIG. 42A illustrates exemplary library inserts to corrobo-
rate quality, clones were sequenced to confirm their random-
ness; FIG. 42B illustrates an electrophoresis analysis; as dis-
cussed in detail in Example 4, below.

FIG. 43 (sheet 46) illustrates a schematic overview of an
exemplary assay of the invention, as described in detail in
Example 6, below: FIG. 43A illustrates Wild type Gal4 as
control, no Dox; FIG. 43B illustrates that in the presence of
Dox (blue diamond) Gal4 is expressed, and binds the
Upstream Activating Sequence (5xXUAS), activating GFP
expression; FIG. 43C illustrates an exemplary protease (PR)/
Gal4 fusion-based system; FIG. 43D illustrates the same
scenario as in FIG. 43C but in the presence of PI (yellow
circles).

FIG. 44 (sheet 47) schematically illustrates an exemplary
FACS analysis of selected clones, as described in detail in
Example 6, below.

FIG. 45 (sheet 48) schematically illustrates Gal4/Protease
Fusion Constructs, as described in detail in Example 6,
below: FIG. 45A schematically illustrates retroviral con-
structs containing the Gal4/PR (pH-TRE-PR), and Gal4/PRm
(pH-TRE-PRm) and Gal4 controls (pH-TRE-Gal4) used in
the HIV-1 assay, as described in detail in Example 6, below;
each construct contains 7xTRE, mCMYV promoter, and 5' and
3' Long Terminal Repeats (LTR); FIG. 45B: Upper diagram,
the DenV, WNV, and YFV proteomes with the viral Non-
Structural Protein 3 (NS3) Protease, and required cofactor
NS2B in red, also depicted the Gal4/NS2B/NS3 fusion with
wild-type cleavable (green), or mutated non-cleavable sites
(crimson); FIG. 45C: as in FIG. 45B, but for the HCV pro-
teome showing also the required cofactor NS2 and NS4A
cofactors in red; similarly, the Gal4/NS3/NS4A fusions with
the cleavable and non-cleavable sites are depicted.

FIG. 46 (sheet 49) schematically illustrates an exemplary
multiplexing of an assay of the invention and exemplary
bar-coded cell lines of the invention, as described in detail in
Example 6, below: FIG. 46A: schematically depicts four
distinct cell populations bar-coded with different combina-
tions of mCherry and CFP fluorescent proteins; FIG. 46B:
schematically illustrates an example of how each of the cell
lines in the mixed population can be individually recognized
by de-convolution, and analyzed for GFP expression.

FIG. 47 (sheet 50) schematically illustrates an exemplary
multiplexing of an assay of the invention in hepatocytes,
including bar-coded Huh 7.5.1 hepatocytes and constructs, as
described in detail in Example 6, below: FIG. 47A: Left flow
cytometry panel shows an overlay of naive (black), mCherry
fluorescent (red), and CFP fluorescent (blue) cells, the right
panel shows an overlay of naive (black) and E2-Crimson
fluorescent (darker red) cells; FIG. 47B: Schematics of the
retroviral bar-coding constructs containing an Internal Ribo-
some Entry Site (IRES) for dual expression.

FIG. 48 (sheet 51) schematically illustrates an exemplary
multiplexing of an assay of the invention in hepatocytes, as
described in detail in Example 6, below, using constructs in
Huh 7.5.1 cells: FIG. 48A: The left plot shows an overlay of
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naive (black) and Lyt-2-expressing (orange) cells (stained
with a-CD8a-PE coupled antibody), the right plot shows
UAS-GFP-expressing cells (green) upon Gal4 transfection
(originated from the same rtTA-expressing cells); FIG. 48B:
Retroviral 5xUAS-GFP and rtTA constructs, the UAS-GFP
construct contains the SxUAS with a minimal mCMV pro-
moter followed by GFP. The rtTA construct contains the rt TA,
and an IRES-Lyt2 cassette.

FIG. 49 (sheet 52) schematically illustrates data from an
exemplary multiplexed assay of the invention where cells are
genetically bar-coded, as described in detail in Example 6,
below, that is engineered to express a distinct fluorescent
protein or a combination of them (mCherry, CFP as
examples).

FIG. 50 (sheet 53) schematically illustrates data from an
exemplary multiplexed assay of the invention, as described in
detail in Example 6, below, where cells are genetically bar-
coded, as explained above, that is engineered to express a
distinct fluorescent protein or a combination of them
(mCherry, CFP as examples).

Like reference symbols in the various drawings indicate
like elements.

DETAILED DESCRIPTION

The invention provides methods and compositions, includ-
ing chimeric recombinant proteins, nucleic acids that encode
them, and cells and kits comprising them, to screen for com-
positions, e.g., small molecule drugs, that can modulate, e.g.,
inhibit or enhance, viral proteases, including retroviral (e.g.,
HIV) proteases.

In one embodiment, the invention provides cells and cell-
based platforms and assays for monitoring the activity of any
enzyme, e.g., a viral protease, e.g., HIV-1 protease, which is
an aspartyl protease. In alternative embodiments, any viral
enzyme, e.g., any enzyme (e.g., protease) of the Flaviviridae
or Retroviridae family (e.g. yellow fever virus), or any geno-
type or serotype of Hepatitis C Virus (HCV) or genotype or
serotype of Dengue Virus (DenV) are used to practice this
invention.

In one embodiment, these cells and cell-based assays are
used to screen for and identify novel enzyme, e.g., viral
protease, e.g., inhibitors. In one embodiment, cell-based plat-
forms and assays of the invention effectively couple the sur-
face (extracellular) expression of a protein used as a scaffold
(ascaffold protein), with the activity of the protease (e.g. viral
protease). In alternative embodiments, polypeptides of the
invention comprise HIV p2, p7 orboth p2 and p7; p2/p7 of the
HIV-1 strain HXB2 (taken as the prototype genome) is part of
that virus’s viral proteome, and contains one of the natural
targets for the recognition and cleavage site of the protease.

In one embodiment, the scaffold is engineered for its con-
ditional expression on the surface of a cell, e.g., a eukaryotic,
a yeast or a mammalian cell. In alternative embodiments, the
cell or cells are or comprise lymphocytes, e.g., T cells, or
hepatocytes or equivalent cells. For that purpose, in one
embodiment, the scaffold is fused to a signal sequence to
enable efficient and/or directed transport, and a transmem-
brane domain (e.g., an Lyt2, the murine CD8 molecule, and
the like) is used to enable subsequent insertion in the cell
membrane. In one embodiment, a tag such as a FLAG tag is
added to the scaffold downstream of the signal sequence for
detection, e.g., for antibody detection, e.g., through flow
cytometry or equivalent visualization.

In one embodiment, the assay co-expresses both the scat-
fold protein and the enzyme (e.g., protease, e.g., viral pro-
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tease, e.g., the HIV-1 protease), which if active will bind to
and cleave the scaffold at the protease recognition sequence.

In alternative embodiments, both scaffold and protease are
co-expressed in a cell, e.g., a lymphocyte such as a T cells,
e.g., SupT1 T-cells, or a hepatocyte, in an inducible off/on-
based vector system (e.g., activated upon addition of tetracy-
cline or doxycycline). Inducible expression of protease, e.g.,
aviral protease, can help avoid its possible cytopathic effects.
Inducible expression of the scaffold may be necessary as a
protease, e.g., a viral protease, will only be able to prevent
surface expression of newly synthesized intact scaffold, as a
pre-inserted scaffold would not be removed from the cell
surface by the protease.

In one embodiment, the logic behind the engineering of the
scaffold as a membrane-expressed protein is as follows: in the
presence of the active protease, e.g. viral protease, the pro-
teolytic enzyme will cleave the scaffold, resulting in the loss
of transmembrane domain, thus preventing tag cell surface
expression. In the absence of protease, or when protease is
blocked or inhibited, the scaffold will be intact and incorpo-
rated into the membrane. As a result, the surface expression of
the scaffold can be determined by flow cytometry allowing
the discrimination between active and inactive or blocked
protease. In one embodiment, the platform or assay is cell-
based, and can be easily implemented for a high throughput
screen, e.g., FACS. As such, this platform or assay is invalu-
able for drug discovery, and can be utilized in biological
screens aimed at finding novel enzyme or protease inhibitors
through random peptide libraries or chemical compounds
libraries.

FIG. 1 is an illustration that is a representation of an exem-
plary assay of the invention that will enable discrimination
between cleavage (left panel) and no cleavage (right panel) by
an enzyme, e.g., a HIV PR. SS: Signal sequence, TM: Trans-
membrane domain, PR: protease, orange box: protease rec-
ognition/cleavage site.

In one embodiment, the invention engineers a protein scaf-
fold bearing the protease cleavage site on the cell surface of a
mammalian cell (e.g., a lymphocyte such as a T cell, or a
hepatocyte). In one embodiment, the invention expresses, or
co-expresses, a protease, e.g., a HIV-1 protease, and a scaf-
fold used as a target, in an inducible manner (the protease, the
scaffold, or both can be expressed via an inducible mecha-
nism, e.g., an inducible transcriptional regulator).

In one embodiment, the invention provides assays that can
be adapted for a high throughput manner using e.g. flow
cytometry such as FACS, and can discriminate between active
and non-active or blocked protease. In one embodiment, the
invention provides assays that can be easily adapted for high
throughput screening. In one embodiment, the invention pro-
vides assays of this invention can be used to screen for novel
protease inhibitors.

In one embodiment, the invention provides assays of this
invention adapted for the screen of random peptide libraries
or chemical compounds for drug discovery.

In one embodiment, the methods of the invention use a
random peptide library or any peptide of choice, which can be
introduced ‘in cis’, replacing the p2/p7 recognition/cleavage
site, enabling the discovery of higher affinity sites for PR,
which can be the basis for the development of competitor
peptidomimetic drugs. In one embodiment, the random pep-
tide library is expressed ‘in trans’, enabling the discovery of
competitors/inhibitors for PR, which can be the basis for
peptidomimetic drugs.

In one embodiment, the non-biased approach of the inven-
tion permits the rescue of peptides or chemicals targeted not
necessarily to the catalytic site of PR. Thus, the assays of the
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invention provide for extensive characterization of PR, facili-
tating the elucidation of interactions of PR with cellular tar-
gets, its mode of action and modulation, in the context of the
host cell. Assays of this invention will permit the replacement
of PR with PR from different viral strains or clades, or trun-
cated versions of PR, enabling further dissection of PR activ-
ity, and study its modulation through co-expression of cellu-
lar factors or addition of drugs.

The assays of this invention can be further adapted to
proteases of different viruses such as Hepatitis C by just
exchanging the recognition/cleavage site segment of the scaf-
fold. The assays of this invention can thus be exploited for the
search for protease inhibitors against any of the known viral
pathogens that utilize their own protease/s as part of their
lifecycles.

The assays of this invention can be adapted for the search of
HIV envelope processing inhibitors. One of the HIV proteins,
envelope, is processed by furin and other cellular convertases.
By just exchanging the recognition/cleavage segment of the
scaffold with the envelope recognition site, the assay can be
further utilized for the finding of envelope processing inhibi-
tors. This same scaffold is useful for the search of transport
inhibitors, as envelope is transported through the ER, trans-
Golgi network in order to be inserted within the cell mem-
brane.

In alternative embodiments, the assays of this invention
comprise expression of a scaffold naturally expressed in the
cytoplasm that is able to be exported into the cell membrane.

In alternative embodiments, assays of this invention com-
prise expression of both PR and scaffold in an off/on system
for inducible expression.

In alternative embodiments, assays of this invention com-
prise expression of a protein that is expressed on the surface
of'the mammalian cell (e.g., a lymphocyte such as a T cell, or
a hepatocyte) only when not cleaved by a protease, e.g., an
HIV protease.

In alternative embodiments, assays of this invention can be
adapted for the screen of random peptide libraries or chemical
compounds.

In alternative embodiments, assays of this invention can be
implemented in mammalian cells (e.g., a lymphocyte such as
a T cell, or a hepatocyte) and other cells, e.g., yeast or bacte-
rial cells.

In alternative embodiments, methods provide for the con-
struction of the scaffold and its expression on the cell surface.
In alternative embodiments, the p2/p7 scaftold has been engi-
neered as described and effectively expressed on the cell
surface. In alternative embodiments, the scaffold has been
introduced in a retroviral vector.

In one study, for proof of principle, the expression of an
exemplary scaffold correlates with the Green Fluorescent
Protein (GFP) expression, as the vector (illustrated in FIG.
2A) contains an internal ribosome entry site followed by GFP.
The p2/p7-engineered scaffold with the FLAG tag and a
signal sequence was introduced upstream of the internal ribo-
some entry site (IRES) GFP cassette of the retroviral vector
pBMN-IRES-eGFP (illustrated in FIG. 2A) (kindly provided
by Garry Nolan from Stanford University). The scaffold con-
struct has been introduced in a Tet-off/on vector for inducible
expression upon addition of doxycycline.

This construct allows stable expression of the insert and
correlation of green fluorescence with expression of the gene
of interest (p2/p7 in our case). This vector was used to cor-
roborate the expression of a scaffold of this invention on the
cell surface by flow cytometry, as graphically illustrated in
FIG. 2B: a FACS analysis of 293T and 293T-FLAG-p2/p7
expressing cells. The FLAG-p2/p7 scaffold was introduced
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upstream an IRES-GFP cassette in the pPBMN-IRES-eGFP
retroviral vector (as illustrated in F1IG. 2A). Cells were stained
with anti-FLAG (Sigma) and APC-coupled secondary anti-
body (Invitrogen, Carlsbad, Calif.) (right lower panel). SS:
Signal Sequence, TM: Transmembrane domain.

The Expression of Protease in a Non-Toxic Inducible Man-
ner.

In one embodiment, to achieve low levels of protease, e.g.,
a viral protease, expression in mammalian cells (e.g., a lym-
phocyte such as a T cell, or a hepatocyte), a tetracycline (Tet)
inducible system is used. FIG. 3 illustrates by fluorescence
microscopy use of an exemplary vector of the invention, a
Tet-inducible HIV-based self-inactivating vector, that allows
regulated expression of the gene of interest. In this case, we
have used the enhanced green fluorescent protein (eGFP) as
the ectopic gene. This vector allows different levels of protein
expression. Tight repression and expression of PR at low
levels may be crucial to avoid the possible side effects of PR.
It is important to mention that this system is an oft/on system
that allows for expression of the gene of interest only upon
addition of tetracycline or doxycycline. The inducible system
allows for de novo synthesis of the scaffold, needed for the
successful implementation of the assay. FIG. 3 illustrates by
fluorescence microscopy Hel.a cells infected with a Tet
inducible HIV-based self-inactivating vector. The cells were
incubated with 1 pg/ml Tet and eGFP expression was
observed by fluorescence microscopy 24 and 72 h post addi-
tion of Tet. PR was expressed by itself and as a GFP fusion. As
high level expression of PR might be toxic to the cell, the PR
inhibitor Saquinavir was added to inhibit its activity but not its
expression.

As expected, the N-terminal GFP fusion is highly
expressed in this case, as illustrated in FIG. 4, lower panels.
Importantly, this fusion seems to be expressed at low levels
even in the absence of inhibitor (as illustrated in FIG. 4, upper
panels and FIG. 5), demonstrating that active PR can be
expressed at low levels without cytotoxic effects. In sum-
mary, FIG. 4 illustrates fluorescent microscopy analysis of
cells transfected with pcDNA control (Invitrogen) and
pcDNA-GFP-PR. GFP expression was analyzed 24 h post
transfection. FIG. 4 Upper panels: untreated cells, FIG. 4
Lower panels: PR inhibitor, Saquinavir (NIH Reagents Pro-
gram) was added at 0 and 24 h post transfection.

In summary, FIG. 5 graphically illustrates flow cytometry
analysis of cells expressing PR-GFP fusion. Cells transfected
with pcDNA (control) or pcDNA-GFP-PR fusions were col-
lected 48 hr post-transfection and analyzed for GFP expres-
sion. FIG. 5 Upper panels: untreated cells. FIG. 5 Lower
panels: Cells treated with Saquinavir.

In order to prove that those cells are actually expressing
active PR, cells transfected with the pcDNA control or the
N-terminal GFP fusion; GFP-PR were collected for Western
blot analysis with anti-PR antibody (NIH Reagents Program).
The presence of degradation products of autolysis when no
inhibitors are added demonstrates that PR retains its activity,
see FIG. 6. FIG. 6 illustrates a Western blot analysis of pro-
tease (PR) activity. 293T cells transfected with pcDNA (con-
trol) or pcDNA-GFP-PR fusions and either untreated or
treated with Saquinavir (3 pM/ml) (e.g., INVIRASE™ or
FORTOVASE™) at 0 h and 24 hr post-transfection) were
collected for the blots. The expected autolysis products are
shown. Upper panel: anti-PR antibody (NIH AIDS reagent).
Lower panel: anti-alpha-actin antibody (Invitrogen, Carls-
bad, Calif.) as loading control).

This exemplary scaffold of the invention, an adapted scaf-
fold, is based on the same idea, but with an important difter-
ence. In one embodiment, when protease (e.g., PR) is active



US 9,169,312 B2

37

the FLAG or other detectable tag will be present on the
surface and detectable e.g., by flow cytometry, whereas when
protease (e.g., PR) is blocked or inactive, the FLAG will be
lost and not expressed on the cell surface. This scaffold is
based on the idea that generally, proteins to be expressed on
the surface of the cell have a signal sequence (SS) on their N
terminus that targets them to the endoplasmic reticulum (ER)
and a transmembrane domain (TM) that retains them in the
membrane.

On the other hand, proteins that are retained in the ER, will
have, in addition to the SS and the TM, an ER-retention signal
such as the prototypic KDEL sequence. This sequence is
known to have strong affinity to the KDEL receptor (SEQ ID
NO:1), acing the luminal side of the ER. In one embodiment,
the ER retention motif or KDEL (SEQ ID NO:1) motif is
positioned in the scaffold protein such that when PR is active
the scaffold will be separated into two pieces, leaving the ER
retention motif-comprising or KDEL (SEQ ID NO:1) motif-
comprising portion of the polypeptide in the ER and freeing
the detectable moiety-comprising portion to the cell’s extra-
cellular membrane, and if PR is blocked or inactive, the entire
scaffold polypeptide will be retained in the ER, and as a
consequence will not be detected on the cell’s extracellular
surface

FIG. 7 illustrates an exemplary construct of the invention
that is based on CCRS but has only the two first TM domains
(rather than the original seven). As shown in the figure, the
scaffold is further fused to a KDEL sequence at its C-termi-
nus. This scaffold allows, as mentioned earlier, to introduce a
recognition sequence in the loop facing the lumen (for pep-
tidases such as furin), or in the loop facing the cytoplasm (for
viral proteases). FIG. 7 illustrates shows an exemplary sce-
nario for monitoring of protease, e.g., PR, activity. When
protease, e.g., PR, is active (left panel of FIG. 7), the scaffold
will be separated into two pieces, leaving the KDEL portion
in the ER and freeing the FLLAG tag portion to the membrane,
where it will be detected by flow cytometry. If protease, e.g.,
PR, is blocked or inactive (right panel of FIG. 7), the entire
scaffold will be retained in the ER, and as a consequence will
not be detected on the surface.

For example, the exemplary CCRS engineered protein (or
partial CCRS as described here and in the figure) can be
replaced by any other protein of choice or hybrid protein. For
example, one exemplary embodiment comprises a hybrid
protein comprising the N-terminus of the CD8 molecule or
the CD8 molecule equivalent in mice (referred to as Lyt2),
comprising its natural SS, and the C-terminus of the chemok-
ine receptor CCRS including only the last TM domain. In this
embodiment, only requirement is that the resulting protein
will, when cleaved, retain the KDEL-containing side in the
ER and the N-terminus on the cell surface.

In alternative embodiments, any protein is used as scaffold
(instead of the one exemplary protein described herein), pro-
vided that by adding a KDEL sequence at the C terminus the
polypeptide will be retained it in the ER, unless separated
from the N-terminus.

In this embodiment, a p2/p7 recognition site is imbedded in
the cytoplasmic loop of the scaffold, as PR is known to be
active in this environment.

In alternative embodiments, the scaffold is engineered for
the search of viral PR inhibitors (active in the cytoplasm)
and/or for proteases/peptidases active in the lumen of the ER.
In one embodiment, the loop facing the luminal face of ER is
substituted by a recognition site cleaved by cellular pepti-
dases. This can include the gp120/gp41 boundary, known to
be cleaved by peptidases such as furin. These enzymes are
known to be active in the inner side of the ER, that is its
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luminal face, making this exemplary scaffold adaptable for
the search of HIV envelope processing and for transport
inhibitors.

In alternative embodiments, the invention provides meth-
ods and compositions, including chimeric recombinant pro-
teins, nucleic acids that encode them, and cells and kits com-
prising them, to screen for compositions, e.g., small molecule
drugs, that can modulate, e.g., inhibit or enhance, any
enzyme, e.g., protease or HIV-1 protease, or NS2/NS3 or
NS3/NS4A protease of HCV, or any viral protease, including
retroviral (e.g., HIV) proteases, and/or any transport and/or
structural protein.

In one embodiment, the invention provides cells and cell-
based assays for monitoring the activity of activity an HIV-1
protease, which is an aspartyl protease. In one embodiment,
these cells and cell-based assays are used to screen for and
identify novel PR inhibitors. In one embodiment, assays of
the invention effectively couple the surface (extracellular)
expression of a protein used as a scaffold (a scatfold protein),
with the activity of the viral PR. p2/p7 of the HIV-1 strain
HXB?2 (taken as the prototype genome) is part of that virus’s
viral proteome, and contains one of the natural targets for the
recognition and cleavage site of PR.

In one embodiment, the scatfold is engineered for its con-
ditional expression on the surface of a cell, e.g., a yeast or a
mammalian cell (e.g., a lymphocyte such as a T cell, or a
hepatocyte). For that purpose, in one embodiment, the scaf-
fold is fused to a signal sequence to enable efficient transport,
and a transmembrane domain (e.g., an Lyt2, the murine CD8
molecule, and the like) is used to enable subsequent insertion
in the cell membrane. A tag suchas a FLAG tag is added to the
scaffold downstream of the signal sequence for detection,
e.g., for antibody detection, e.g., through plate-reader, flow
cytometry or equivalent visualization, or any similar or
equivalent detection system.

In one embodiment, the assay co-expresses both the scaf-
fold protein and the HIV-1 PR, which, if active, will bind to
and cleave the scaffold.

In one aspect, both scaftfold and protease are co-expressed
in a lymphocyte, e.g., a T cell or T cells, e.g., a SupT1 T-cell,
in an inducible off/on-based vector system (e.g., activated
upon addition of tetracycline or doxycycline). Inducible
expression of PR helps avoid its possible cytopathic effects.
Inducible expression of the scaffold is necessary as PR will
only be able to prevent surface expression of newly synthe-
sized intact scaffold, as the pre-inserted scaffold would not be
removed from the cell surface by PR.

Kits

The invention provides kits comprising compositions and
instructions for use of the invention. The kits can include:
cells comprising nucleic acids encoding the chimeric
polypeptides of the invention (the “scaffold proteins™) and/or
vectors comprising these nucleic acids, or chimeric polypep-
tides of the invention, transfecting agents, transducing agents,
instructions (regarding the methods of the invention), or any
combination thereof. As such, kits, cells, and libraries of
compounds are provided herein.

Cell-Based Methods and Multiplexed Systems

In alternative embodiments, the invention provides cells
and cell-based assays and multiplexed systems for monitor-
ing the activity of activity of proteases, e.g., an HIV-1 pro-
tease, which is an aspartyl protease. In one embodiment, these
cells and cell-based assays are used to screen for and identify
novel PR inhibitors (“PIs”). In one embodiment, the invention
provides methods and compositions, including chimeric
recombinant proteins, nucleic acids that encode them, and
cells and kits comprising them, to screen for compositions,
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e.g., small molecule drugs, that can modulate, e.g., inhibit or
enhance, any enzyme, e.g., protease or HIV-1 protease, or
NS2/NS3 or NS3/NS4A protease of HCV, or any viral pro-
tease, including retroviral (e.g., HIV) proteases.

In one embodiment, the invention provides assays and
multiplexed systems in T cells to monitor the proteolytic
activity of a protease, e.g., the HIV-1 protease. The assay is
based on an inducible Gal4 HIV-1 PR fusion which binds to
upstream activation sequences and activates a reporter gene
only in the presence of a PR inhibitor (“PI”). The assay was
developed through retroviral technology in T-cells to mimic
the natural environment of HIV infection.

In one embodiment, the invention provides clones which,
when activated, express eGFP as a biosensor of PR activity.
This assay of the invention has a robust and reliable readout
that relies on green fluorescence, making it ideal for high-
throughput screening utilizing flow cytometry. Thus, the
assay of the invention will greatly facilitate the search for
novel peptide- and chemical-compound-based Pls in T-cells.

In one embodiment, the invention provides a simple, rapid
and straightforward method and multiplexed systems for
monitoring a protease, e.g., PR, activity to facilitate the search
for novel inhibitors/competitors of the protease that could
lead to new therapeutics, e.g., to treat HIV (e.g., AIDS).

In one embodiment, assays of the invention are based on
the classical Gal4-UAS system, a broadly utilized system for
the analysis of gene expression. The yeast Gal4 protein rep-
resents a prototypic transcription factor consisting of two
separate domains: An N-terminal DNA-binding domain
(DBD: aa 1-147) and a C-terminal Transactivation domain
(TAD: aa 768-881). The Gal4 protein binds to consensus
Upstream Activation Sequences (UAS’s) via its DBD and
activates transcription of downstream genes through its TAD.
However, when the two Gal4 domains are separated, neither
half of the protein can independently serve as a functional
transcription factor.

Murray (1993) Gene 134(1):123-128, demonstrated the
ability for HIV-1 PR fused within Gal4 to auto-catalytically
remove itself, leaving behind the two non-functional domains
of Gal4. When the PR/Gal4 fusion protein is mutated at the
catalytic site, however, or is in the presence of an inhibitor, the
fusion protein remains intact, retaining its ability to bind to
UAS through the DBD and activate transcription through
TAD. In alternative embodiments, this property is incorpo-
rated into this invention to express a reporter gene in an
inversely proportional manner to PR activity and serve as
template for this assay.

In alternative embodiments, assays and multiplexed sys-
tems of this invention are based on the expression of the
PR/Gal4 fusion as an inducible fusion through a Tet-On sys-
tem (e.g., in one embodiment, adapted from Clontech, Takara
Bio Inc., Shiga, Japan), thus drastically reducing its possible
toxic side effects. In this embodiment, the reverse tetracycline
transactivator (rtTA) is utilized, allowing for the induction of
PR/Gal4 expression only upon addition of tetracycline (Tet)
or doxycycline (Dox). The readout; eGFP expression, will
appear only when PR/Gal4 expression is induced in the pres-
ence of inhibitor. Moreover, all the elements of the assay have
been constructed in retroviral vectors for their stable expres-
sion in mammalian cells. In alternative embodiments, the
assays of the invention are designed for use in lymphocytes
such as T cells, or hepatocytes, to facilitate the high-through-
put screening for novel inhibitors in a more natural milieu.

In alternative embodiments, assays of the invention are
adapted such that the cells carry several enzyme, e.g., pro-
tease or HIV-1 protease, or NS2/NS3 or NS3/NS4A protease
of HCV, mutant variants, including for example the most
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prevalent PR mutant shown to be resistant to FDA-approved
inhibitors. In alternative embodiments, clones comprising
different enzymes (e.g., PRs), when inhibited, activate the
transcription of a different fluorescent marker. Accordingly,
in alternative embodiments, the assays of the invention are
adapted as multiplexed systems.

We have proved the clones of this invention to be very
valuable for the screening of inhibitors against the specific PR
used in the assay; from the HXB2 consensus T-tropic strain.
Due to the high mutational rate it is crucial to adapt the assay
to as many protease variants as possible—and the assays and
multiplexed systems of the invention are adaptable to mul-
tiple protease variants. In alternative embodiments, assays of
the invention are adapted to an array of proteases that include
the most prevalent protease variants resistant to the existing
FDA-approved Pls, In alternative embodiments, these assays
are configured as multiplexed systems of the invention.

In alternative embodiments, assays of the invention are
adapted to mutations in at least 18 different positions within
the 90 amino-acids of PR which have been described to
confer drug resistance. In order to adapt the assay for multi-
plex analysis, we chose the three most prominent variants:
L90M, 154V and V82A. For this purpose, in alternative
embodiments, LI90OM, 154V and V82A are introduced
between the Gal4 DBD and TA domains. In alternative
embodiments, each PR variant when inhibited will activate a
different fluorescent protein. While the wild-type variant
described in FIG. 6 data activates e-green fluorescent protein,
or eGFP (excited with the 488 nm blue laser, the other
mutants will activate an e-cyan fluorescent protein (or eCFP,
using a 405 nm violet laser), and mOrange or mCherry (561
nm yellow laser). This will allow screening for compounds
that inhibit all, some or one PR variant at a time, based on the
specific fluorescence observed. Alternative embodiments
comprise other clones expressing a different set of mutant
enzymes and/or proteases (PRs).

In alternative embodiments, assays of the invention are
adapted to multiplexed formats with various enzyme (e.g.,
PR) mutants/variants and reporter combinations to simulta-
neously detectenzyme (e.g., PR) resistance to individual hits.
In alternative embodiments, assays of the invention are
adapted to Luminescence/plate reader-based formats. In
alternative embodiments, assays of the invention are adapted
to screening peptide and chemical-compound libraries.
Cell-Based Assays for the Identification of Compositions that
Inhibit Envelope Processing

In alternative embodiments, the invention provides cells
and cell-based assays to screen for compositions, e.g., small
molecules or drugs, that inhibit or modify the activity of
enzymes such as calcium-dependent protein convertases such
as furin involved in HIV envelope protein processing, includ-
ing cleavage of the HIV gp160 envelope precursor, resulting
in gp120 and gp41 envelope products.

In one embodiment, the invention provides assays to moni-
tor the HIV-1 envelope processing process. This process is
based on the cleavage of the gp160 envelope precursor, result-
ing in gp120 and gp41 envelope products. In one embodi-
ment, the assay of the invention is based on the engineering of
a receptor protein scaffold (or detection moiety) construct
that will be targeted to the ER and transported to the cell
surface only when the protein scaffold was efficiently cleaved
by a gp160 envelope precursor processing enzyme such as a
calcium-dependent protein convertase, e.g., prohormone
convertase-1 (“PC1”), furin and/or similar enzymes (e.g., any
member of the subtilisin/kexin family of proprotein conver-
tases), some of which reside in the ER-trans Golgi network.
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In one embodiment, this is attained by fusing a KDEL
(SEQ ID NO:1) retention signal, known to be recognized and
bound by KDEL-receptors in the ER lumen, at the carboxy-
terminus (C-terminus) of the scaffold (or detection moiety).
Anenzyme (e.g., furin, PC1, a member of the subtilisin/kexin
family of proprotein convertases, and the like) recognition/
cleavage site is introduced between the scaffold and the
KDEL (SEQ ID NO:1) sequence. When enzyme (e.g., furin,
PC1, etc.) processing is blocked or inhibited, the receptor will
move from the ER to the trans-Golgi and recycled back to the
ER, due to the presence of the KDEL (SEQ ID NO:1)
sequence. In contrast, when the enzyme (e.g., furin, PC1, etc.)
is active, it will cleave its recognition site and separate the
KDEL (SEQ ID NO:1) sequence from the scaffold protein,
which will then be allowed to travel to the surface.

In one embodiment, assays of the invention facilitate the
monitoring of enzyme (e.g., furin, PC1, etc.) activity based on
the presence or absence of the scaffold (including any detec-
tion moiety) on the surface of the cell. In alternative embodi-
ments, fluorescent-coupled antibodies against a tag (e.g.,
FLAG in our example) can be used to analyze cells by plate-
reader, flow cytometry or similar or equivalent detection sys-
tem.

Assays of the invention can greatly facilitate the discovery
of'novel gp160 processing inhibitors, including screening for
any composition, including a small molecule, protein, carbo-
hydrate and the like that can act as a partial or complete gp160
processing inhibitor.

In one embodiment, assays of the invention are T-cell-
based; in this embodiment the assay represents the natural
milieu for HIV, e.g., HIV-1, infection.

In one embodiment, flow cytometry allows utilization of
assays of this invention in a high-throughput manner. Thus, in
alternative embodiments, assays of the invention can be used
for the screening of chemical compound (e.g., small mol-
ecule) libraries aimed at finding novel inhibitors of gpl60
processing. In one embodiment, the nature of the assay as
cell-based will discriminate between drugs that target Furin
(which would be detrimental to the cell), and those that target
the specific cleavage of the 120/41 boundary by Furin (or
similar enzymes).

In one embodiment, the CCRS5 receptor, a naturally present
receptor in macrophages and other cell types, is engineered as
a scaffold (e.g., detection moiety) to satisfy the needs of this
assay. In this exemplary embodiment, the scaffold will be
comprised of two transmembrane domains (TMs) of the
CCRS receptor fused to a FLAG molecule on the N-terminal
region. We have chosen TM1 and TM2 from the original
seven TMs of CRRS, but any TM could be used instead. The
KDEL (SEQ ID NO:1) ER retention signal will be fused to
the C-terminus in order to keep the scaffold bound to the ER
membrane, at the luminal face.

In one embodiment, the gp120/gp41 boundary, including
the recognition/cleavage site REKRA (SEQ ID NO:6)
(amino-acids 515-519) and seven additional amino-acids at
both sides (AKRRVVQREKR (SEQ ID NO:3) AVGIGALF
(SEQ ID NO:4), which represents amino-acids 502-519 of
the HXB2 HIV-1 strain), are introduced into this exemplary
chimeric protein of the invention.

While the invention is not limited by any particular mecha-
nism of action, if cellular proteases/peptidases, such as Furin
or PC1, resident in the ER lumen, cleave the scaffold, the
receptor will travel to the cell surface and be recognized with
a detection system, e.g., a flow cytometry. If, in contrast, the
protein is not cleaved, the scaffold level on the cell surface
will be extremely diminished or completely abolished. As a
control, a similar scaffold that lacks the cleavage site can be
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used to ensure expression in the ER but not on the surface. The
introduction of the gp120/41 boundary can be performed with
the addition of restriction enzyme cleavage sites on both sides
of the sequence, allowing for easy replacement of other
sequences in alternative embodiments. This will also facili-
tate the exploration of other consensus sequences found to be
recognized by Furin, or similar enzymes, such as the
sequence within the V3 loop of gp120.

Though HIV envelope is known to be cleaved in the trans
Golgi network, in one embodiment the scaffold is localized to
the ER through the KDEL (SEQ ID NO:1) signal because the
mechanism KDEL receptor-bound proteins are known to
travel to the Golgi and subsequently recycled into to the ER.

While one exemplary embodiment comprises a protein
scaffold based on CCRS, CCRS was chosen only as a proof of
concept—in alternative embodiments any protein, mimetic,
peptidomimetic or equivalent scaffold can be used.

In alternative embodiments the assays of the invention are
adapted to virtually any construct that behaves as described
herein, and thus comprises, from N- to C-terminus:

a signal sequence for ER targeting,
a tag for antibody recognition,

two transmembrane domains that will span the ER mem-
brane, with an extra loop at the ER luminal face

a Furin or similar enzyme recognition/cleavage site span-
ning a segment of the gp120/41 boundary, facing the ER
lumen

a KDEL (SEQ ID NO:1) sequence for ER retention.

While one exemplary embodiment comprises introduction
of only a short sequence of the gp120/gp41 boundary that
contains the consensus Furin recognition/cleavage site (ten
amino-acids in length), in alternative embodiments additional
recognition sites of different lengths could be introduced
instead. In alternative embodiments assays of the invention
use two known consensus sequences of the HXB2 HIV
strains gp120.gp41 boundary sites: AKRRVVQREKRAVGI-
GALF (SEQ ID NO:14) (recognition/cleavage site in bold).
Other strains are used as well.

The different scaffolds used in various embodiments of this
invention can further our understanding of protein transport
through the ER to the cell surface.

In alternative embodiments the cell-based assays are used
in T-cells through retroviral technology. T-cells are a cell type
readily infected by HIV, thus providing an art-accepted model
that mimics natural infection. In alternative embodiments, the
assay is used in lymphocytes, e.g., T-cells—a cell type readily
infected by HIV through retroviral technology.

In alternative embodiments these cell-based assays facili-
tate the discovery of novel drugs aimed at HIV-1-envelope
processing rather than the host protease, thus avoiding toxic
side-effects, e.g., avoiding cytotoxic side-effects.

In alternative embodiments, assays of the invention moni-
tor HIV-1 envelope processing based on the cleavage of the
gpl60 envelope protein precursor, resulting in gpl20 and
gp4l products using a scaffold protein that will not be
retained on the cell-surface when processing is blocked or
inhibited. In alternative embodiments, the processing, or inhi-
bition of processing, is detected by flow cytometry allowing
the observer to discriminate between active and inactive enve-
lope processing.

The invention will be further described with reference to
the following examples; however, it is to be understood that
the invention is not limited to such examples.
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EXAMPLES

Example 1
Exemplary Assays of the Invention

The invention provides compositions and assays for
screening for protease inhibitors, e.g., viral protease inhibi-
tors such as HIV-1 protease (an aspartyl protease) inhibitors.
PR is required for the efficient processing of the Gag and
Gag-Pol precursor polyproteins; a critical step in the viral life
cycle. In alternative embodiments, the invention provides
compositions and assays for: (1) Discerning the effects of
protease, e.g., PR, on signaling cascades of the host cell, and
(2) Developing novel cell-based assays to enable screening of
peptide libraries for the search of novel protease, e.g., PR,
inhibitors. In alternative embodiments, a protease, e.g., PR, is
expressed as a fusion protein in the presence of limiting levels
of inhibitors, in different cellular compartments and in an
inducible manner.

FIG. 8 illustrates HIV-1 Genome organization: HIV-1 has
three structural genes (Gag, Pol and Env) and six regulatory
genes. Both Gag and Pol, expressed as Gag-Pol precursor are
cleaved by the HIV PR, while Env is cut by the cellular
protease furin. PR autocatalytically cleaves itself from the
precursor polyprotein. HIV PR therefore determines the
infectious potential of the virus, as its activity is crucial for the
conversion of the immature virion to the mature, infectious
form.

FIG. 9 illustrates an indirect confirmation of HIV-1 PR
activity: 293T cells were transfected with the plasmids
pCMVDS8.2,D8.7 and D8.91 (illustrated in FIG. 9A) with and
without inhibitors. Ritonavir, a known PR inhibitor, was
added to cells at a concentration of 3 mM/ml every 24 hours.
Cells were extracted 48 hours post-transfection and analyzed
for capsid (p24) expression. The presence of p24, detected by
Western blot, as illustrated in FIG. 9B, is therefore an indica-
tor of PR activity.

FIG. 10 illustrates an exemplary construct of the invention
(LTR/Min CMV-TO/GFP/pPGK/rtTA/IRES/Puro/LTR) and
the results of an inducible expression system of the invention:
in one embodiment, for the expression of low levels of PR in
mammalian cells (e.g., a lymphocyte such as a T cell, or a
hepatocyte), a tetracycline (Tet) inducible system is used. To
corroborate the efficiency of the exemplary construct and
system of the invention, Green Fluorescent Protein (GFP)
was used as a marker for inducible expression. Fluorescence
intensity was monitored in 293T cells transfected with the Tet
inducible HIV-based self-inactivating vector that allows for
the regulated expression of the gene of interest. Importantly,
this exemplary vector allows for the controlled expression of
PR, which may be essential in order to avoid PR-mediated
cytotoxicity.

FIG. 11 illustrates the expression of two exemplary HIV-1
PR/GFP fusion proteins of the invention as illustrated in the
schematics, and in summary:

FIG. 11A: expression of pCMV-PR/P1A/D25N-
GFP=>pSV40-Zeo;
FIG. 11B: expression of pCMV-GFP-PR/P1A/

D25N=>pSV40-Zeo. In order to detect PR expression, GFP
was fused to the C (left panels) or N (right panels) terminus of
PR. In addition to wild-type PR (top of panels), a mutant
form; PIA was also expressed in 293T in a similar fashion
(Bottom of Panels). This mutation may increase PR flexibil-
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FIG. 12 illustrates a Western Blot of PR/GFP fusion pro-
teins with anti-PR antibody. A KDEL sequence was fused for
further expression in the ER (last 4 lanes).

FIG. 13 illustrates targeting HIV-1 PR to different cellular
compartments. PR was targeted to the nucleus by adding a
nuclear localization signal to the C terminus using the exem-
plary vector: pCMV-PR/P1A/D25N-GFP/NLS=>pSV40-
Zeo. Nuclear expression of PR will allow co-localization with
one of our scaffold proteins (GFP based scaffold, see FIG.
16). Moreover, expressing PR in a different cellular compart-
ment may decrease its cytotoxic effects without affecting its
catalytic activity.

FIG. 14 illustrates a schematic representation of an exem-
plary scaftold of the invention and an exemplary protease
(e.g., PR) assay based on surface expression of the scaffold
protein. The scaffold (SS-FLAG/P2/P7/TM) was engineered
to be expressed on the cell surface and consists of an HIV-1
sequence with one of the PR recognition/cleavage sites. This
cleavage site has the highest affinity to PR and is the first one
to be cleaved. The design of the scaffold allows for surface
expression only when protease (e.g., PR) is inactive or inhib-
ited. Surface expression of the scaffold can then be easily
identified by flow cytometry. This assay serves as a platform
for high throughput screening of peptide libraries targeted
against protease (e.g., PR).

FIG. 15 illustrates two exemplary constructs of the inven-
tion: pCMV/GFP=>Zeo, and pCMV/GFP=>SS-FLAG/P2-
P7/TM=>Zeo; and flow cytometry analysis of the expression
of these two scaffold proteins on the surface of 293T cells.
Cells were transfected with either a control GFP vector
(pCMV/GFP=>Zeo0) or a scaffold protein construct of the
invention (pCMV/GFP=>SS-FLAG/P2-P7/TM=>7¢0).
Cells were then stained with anti-FLAG-PE antibody and
analyzed by flow cytometry; FIG. 15A illustrates results for
the control construct and FIG. 15B illustrates results for the
scaffold protein construct. The double-positive population
expressing the scaffold can be enriched through sorting.

FIG. 16 illustrates the results of use of an exemplary con-
struct of the invention, pCMV/GFP/PCS/GFP-NLS=Zeo,
where GFP as a biosensor of PR activity. In this embodiment,
the surface expression scaffold assay is based on GFP. The PR
cleavage site (PCS) has been introduced into one of the loops
of GFP. This construct was then transfected into 293T cells,
corroborating that fluorescence was maintained. Thus, in this
embodiment, the GFP is expressed in the absence of PR. In
contrast, cleavage by PR will result in truncation of the GFP
into two halves and thus, loss of fluorescence. It has been
shown that the reconstitution of truncated GFP products can
restore fluorescence. Therefore, we have fused a nuclear
localization signal to the C terminal half to isolate it from the
N terminal half, thus preventing the reconstitution of fluores-
cence. This exemplary scaffold can serve as an indicator of
PR activity.

FIG. 17 schematically illustrates an exemplary construct of
the invention (aal-134/protease cleavage site/aal36-238/
NLS) where a nuclear localization signal (NLS) is separated
by a detectable moiety, e.g., a fluorescent protein, by a pro-
tease cleavage site, and the protease cleavage site is spliced
into the middle of the fluorescent protein; thus, if the protease
(e.g., aPR)isinactive or inhibited, the NLS retains the detect-
able moiety in the nucleus, while an active protease com-
pletely eliminates the fluorescent signal.

FIG. 18 schematically illustrates an exemplary assay of the
invention. In this embodiment, a random peptide library, the
scaffold protein, and PR is co-transfected into SupT1 cells.
Cells can be co-transtected with PR and the scaffold protein
and, in one embodiment, expressed in an inducible manner,
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e.g., a Tet inducible manner. Cells selected for both PR and
scaffold can be transfected with a random peptide library
(e.g., a retroviral peptide library, as in the schematic). Using
FACS analysis, cells that are positive for the scaffold can be
selected and cloned. In one inducible manner, the peptide will
then be rescued by PCR and reintroduced into naive cells to
corroborate its inhibitory effect. The peptide can then be the
basis for the development of peptidomimetic anti-viral drugs.

Conclusions

In alternative embodiments, the invention provides com-
positions and assays to measure the activity of proteases, e.g.,
viral proteases, such as HIV-1 PR, a difficult protein to study
due to its instability and possible cytotoxic effects. In alter-
native embodiments the invention expresses PR in a stable
manner for a cell based assay aimed at finding peptides that
inhibit PR, as well as discerning its effect on signaling cas-
cades. In alternative embodiments, GFP fusion proteins were
constructed. These products allow determination of the sub-
cellular localization of HIV-1 PR. Moreover; we have also
shown that PR can be targeted to different organelles. This is
important as it will enable decreasing its toxicity, without
affecting the catalytic activity of PR.

In alternative embodiments, the invention elucidates the
effects of PR on target cells. In alternative embodiments the
invention PR is expressed in a Tet-inducible manner to help in
elucidating the signaling cascades influenced by PR, as turn-
ing on/off the expression of PR can avoid cytotoxic effects
and thus become the perfect model for studying signaling.

In alternative embodiments the invention provides assays
for determining PR activity because PR is one of the main
targets for antiviral therapy. In alternative embodiments PR is
expressed to find novel PR inhibitors.

We have shown that a scaffold bearing a PR recognition site
can be efficiently expressed on the surface of mammalian
cells (e.g., a lymphocyte such as a T cell, or a hepatocyte),
enabling its detection by flow cytometry. We have also
expressed a GFP scaffold with an internal PR cleavage site. In
alternative embodiments, the scaffolds of the invention are
used in high throughput screening for finding novel peptide
inhibitors against any enzyme, e.g., a protease (PR) such as a
viral protease.

Example 2

Exemplary Assays, Platforms and Multiplexed
Systems of the Invention

In alternative embodiments the invention provides compo-
sitions, cell-based platforms, assays and multiplexed systems
for screening for any enzyme, e.g., a protease, e.g., HIV-1
protease (an aspartyl protease), inhibitors. For example, HIV
protease is required for the efficient processing of the Gag and
Gag-Pol precursor polyproteins; a critical step in the viral life
cycle.

Exemplary Assay overview: In order to establish a reliable
and reproducible cell-based platform or assay for monitoring
the activity of any enzyme, e.g., a protease, e.g., a viral such
as HIV-1 PR, specifically designed to maximize throughput
capabilities, it was important to address several issues.

First, we aimed at establishing the assay or platform of the
invention as a cell-based assay, and in a cell type that would
mimic the natural environment of a protease, e.g., a viral
protease; for example, in HIV-1 infection using T-cells; or for
Hepatitis C Virus (HCV) and Dengue Virus (DenV) infection
using hepatocytes. Secondly, because of the possible toxic
side effects of protease the assay needed to be designed in an
offfon system for the inducible expression of protease.
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Finally, in order for the assay or cell-based platform to pro-
vide significant benefits, it needed to include a straight-for-
ward readout such as eGFP (Green Fluorescent protein)
expression. This would allow for the analysis by flow cytom-
etry, with no necessary staining and make the assay easily
adaptable to high-throughput screening. An overview of this
exemplary assay of the invention is described in FIG. 1.

In one embodiment the exemplary assay or cell-based plat-
form relies on the presence or lack of eGFP expression that
serves as biosensor for protease activity. The assay is
designed so that cells expressing blocked or inactive protease
can be easily discriminated from those expressing active pro-
tease based on eGFP expression. In one embodiment a plate-
reader is used, e.g., through general luminescence such as
luciferase-based drug screening, in the assay or cell-based
platform of the invention.

Confirmation of a Reporter/ Activator (Gal4/UAS) System
in Mammalian Cells:

Before the establishment of a stable cell line expressing all
of the elements of the assay, it was crucial to first verify that
the elements of the assay respond transiently as expected.
Preliminary experiments were performed in adherent HEK
293T cells. First, we tested a reporter vector containing a
SxUAS Gal4 responsive element upstream of a minimal
CMYV promoter followed by the eGFP reporter gene. When
293T cells were transfected with this vector alone, there was
little to no background. This lack of background expression
from the reporter gene was vital to the success of developing
a reliable assay. To investigate the level of Gal4-dependent
eGFP expression, we first co-transfected the reporter vector
with pcDNA3.1-Gal4, a construct based on the pcDNA3.1
vector for mammalian expression (see Figures). The Gal4
gene utilized here encodes only for the DBD and TAD seg-
ment of Gal4. While other variants of Gal4 (such as
GaldVP16) are capable of significantly higher induction of
genes under UAS control, minimal Gal4 allows for simple
insertion of a proteolytic enzyme within the two distinct
domains whose behavior has been well characterized. As
expected, co-transfection of the reporter vector with pcDNA-
Gal4 led to a dramatic induction of eGFP expression in 293T
cells (see Figures).

Insertion of the HIV-1 PR Sequence Between the Gal4
Domains does not Substantially Disrupt Gal4 Activity in
Mammalian Cells:

Next, we corroborated that the insertion of a PR sequence
within the Gal4 DBD and TAD domains maintains Gal4’s
ability to serve as a functional transcription factor. To test this,
we first introduced a mutated version of PR reported to be
inactive. This fusion was designed to ensure that the insertion
‘per se’ of the specific PR sequence does not jeopardize the
ability of Gal4 to act as a transcription factor. For this pur-
pose, the HXB2 HIV-1 sequence of the PR mutant version
D25A including the 22 upstream amino-acids and the 32
downstream amino-acids of PR (to include the PR cleavage
sites) was introduced in between the Gal4 DBD and TAD
within a pcDNA3.1 vector (Figure). PR D25A has previously
been shown to lack catalytic activity, and, as such, should not
be able to separate the domains, nor disrupt the ability of
DBD and TAD to work in conjunction and activate the
reporter eGFP expression. As expected, reporter and pcDNA-
PRm/Gal4 co-transfection resulted in significant eGFP
expression (see Figures). Although the induction of eGFP
expression by the PRm/Gal4 fusion was less than that of Gal4
alone, the level of activation was sufficient for a clear and
reliable readout.

Wildtype PR Fused Between the Gal4 DBD and TAD
Results in a Transcription Factor with Abolished Activity:
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We next substituted the PRm sequence with the wild-type
sequence. This sequence contained the exact same additional
22-upstream and 32-downstream amino-acids from PR, but
retained the wild-type aspartic acid residue at position 25.
Co-transfection of the reporter vector with wild-type PR
between the Gald domains led to a significant reduction in
reporter eGFP expression compared to the mutant fusion or
Gal4 alone.

Wildtype PR Fused within the Gal4 DBD and TAD has
Restored Transcriptional Activation in the Presence of a PR
Inhibitor.

It was of critical importance to verify the ability for the
PR/Gal4 fusion to activate the reporter eGFP by the addition
of PR inhibitors. For that purpose, 293 T cells were pre-treated
with 10 uM Indinavir and then co-transfected with reporter
and pcDNA-PR/Gal4 vectors. While control cells or cells
incubated with 10 uM DMSO lacked eGFP expression, cells
incubated with 10 uM Indinavir showed a drastic induction in
HEK293T cells. As expected, the activity of PR/Gal4 was
restored in the presence of inhibitor, as seen by the UAS-
dependent transcription of the inhibited fusion protein (see
Figures).

Design of Lentiviral Constructs and Infection of T-Cells
with the Assay Elements.

We next addressed the question whether these results could
be reproduced in T-cells, a cell-type that represents a more
natural milieu for HIV-1 infection. For that purpose, we have
utilized retroviral technology to stably express the elements
of the assay in mammalian cells. Reporter element and Gal4
or PR/Gal4 fusions were transferred into lentiviral vectors.
First, the reporter sequence was inserted into an HIV-based
self-inactivating lentiviral vector with a modified U3
sequence was utilized to ensure that no reporter background
activity was observed in the absence of an inhibitor. Secondly,
we wished to create inducible expression of PR/Gal4 fusions.
This would alleviate our concern for the difficulty in creating
a stable cell line expressing PR due to the reported possible
cytotoxicity of active PR in mammalian cells.

To obtain an inducible cell line, we utilized the tetracycline
inducible system (Tet-On). For this purpose we constructed
two lentiviral vectors; one harboring a 7x Tetracycline
Response Element (TRE) upstream the gene of interest and
another expressing the reverse tet-transactivator (rtTA)
coupled to an IRES-mCherry cassette to corroborate rtTA
expression. In this system, the TRE element is bound and
activated by rtTA only in the presence of an inducer (Tet or
Dox). Gal4, PR/Gal4 and PRm/Gal4 were all transferred into
the TRE inducible vector (see Figures).

The UAS Reporter and PR(m)/Gal4 Fusions Behave Simi-
larly in SupT1 Cells as HEK293T Cells.

We first confirmed whether the results obtained in the
transient experiments in 293T cells with reporter and
PR/Gal4 vectors could be reproduced with the lentiviral
reporter and inducible Gal4 fusion proteins in T-cells. We
have chosen SupT1 cells, a T-cell line easily infected by
HIV-1 and broadly utilized in HIV-1 studies. Viral particles
were produced as described in Methods. When SupT1 cells
were infected with lentiviral particles containing the reporter
vector alone, no detectable eGFP expression was observed,
and similar results were obtained with virus encoding induc-
ible Gal4 alone (see Figures). Importantly however, when
cells were co-infected with virus produced from the reporter
(pH-5xUAS-eGFP), rtTA (pBMN-rtTA-i-mCherry) and
inducible Gal4 (pH-TRE-PRm/Gal4) encoding vectors,
eGFP expression was still undetectable. However, when these
cells were treated with 1 pg/ml. Dox, eGFP expression was
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clearly induced. This confirmed the feasibility of engineering
a Tet-off/on inducible system in T-cells to control PR expres-
sion.

SupT1 cells were transduced with viral particles generated
from the reporter, rtTA and inducible PRm/Gal4 (pH-TRE-
PRm/Gal4) which resulted in similar induction of eGFP as
Gal4 alone, and again only in the presence of Dox (1 ug/ml).
Finally, cells were infected with virus encoding the reporter,
rtTA and inducible wild-type PR/Gal4 (pH-TRE-PR/Gal4) to
test the ability for this system in T-cells to indicate the levels
of PR activity. In the presence of 1 pg/ml. Dox, eGFP levels
were nearly undetectable. However, in the presence of both 1
ng/mL Dox and 10 pM Indinavir, a large induction of eGFP
expression was observed. This validated the ability to utilize
eGFP expression as a biosensor of an active Pl in SupT1 cells.

Generation and Selection of Monoclonal Stable Cell Lines
with the Highest Responsiveness in the Assay.

The experiments performed with lentiviral particles were
analyzed from non-clonal cell populations and corroborated
that the assay functions as expected. Nevertheless, our goal
was to design an assay in T-cells that also had a definitive and
robust readout. Therefore, it was important to purify and
amplify specific clones from this population that possessed
the lowest degree of background and highest degree of eGFP
expression in response to the appropriate treatment.

Cells harboring rtTA, 5xUAS-eGFP and either Gal4 or
PRm/Gal4 were activated with 1 pg/ml of Dox. Cells har-
boring rtTA, 5xUASeGFP and PR/Gal4 were activated with
the same concentration of Dox, however were pre-incubated
with 10 uM Indinavir. All cells were then sorted 24 hours later
based on eGFP expression to enrich cells with an activatable
reporter and an inducible transcription factor. One more
round of sorting was performed under identical conditions.
Finally, another round of sorting was performed seven days
later to isolate cells with no eGFP expression (i.e. cells with
little to no background). This resulted in a cell population that
was up to 80% positive for eGFP after activation and with
nearly zero background.

Finally, individual cells from these sorted populations were
sorted into a 96 well plate based on the lack of eGFP expres-
sion. Clonal cell lines obtained from this experiment were
later activated under the same conditions described above,
and screened for the individual clones which responded as
desired (minimal background and maximal eGFP activation).
A clone for each of the inducible elements (Gal4, PRm/Gal4
and PR/Gal4) was obtained. The selected clones exhibited
nearly 100% activation ability with nearly zero background.
These clones were then expanded and further tested in the
following experiments.

Doxycycline Activation Titration of the Clones:

In order to optimize the assay for maximal Gal4, PR/Gal4
or PRm/Gal4 induction, we analyzed the effect of increasing
levels of Dox. Cells with 0, 50, 100, 250, 500, 750, 1,000, and
2,000 ng/mL. Dox were either treated with 10 uM DMSO or
10 uM Indinavir and analyzed 32 hours later. TRE-Gal4 cells
reached saturation with Doxycycline at about 1,000 ng/mL
whether Indinavir was present or not. TRE-PRm/Gal4 was
surprisingly induced at lower levels, reaching saturation at
around 250 ng/mL in both uninhibited and Indinavir-treated
cells. Again, as with transiently transfected 293 cells, TRE-
PR/Gal4 cells had little to non-detectable eGFP expression at
any given Dox concentration in the absence of 10 uM Indi-
navir. However, pre-incubation with 10 uM Indinavir showed
maximal eGFP induction at around 500 ng/ml. Dox (see
Figures).
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Determination of Optimal Time Point for the Analysis of
Inhibitor Effect:

To determine the optimal time point for the analysis of
eGFP expression in the presence of inhibitor, cells were acti-
vated with Dox and analyzed by flow cytometry 4, 8, 12, 16,
20, 25, 50, or 75 hours later. Six-well plates containing 250K
cells per well in 3 mL. media were treated either with DMSO
alone as control, or 1 pg/ml, Dox and 10 uM Indinavir.
DMSO-treated cells maintained lack of fluorescence
throughout the experiment (Figure). However, Dox-activated
cells incubated with Indinavir showed an initial induction of
eGFP expression at 8 hours reaching nearly 100% by 50 hours
(h).

Assay Response to Various PR Inhibitors:

Finally, in order to address the sensitivity of the assay to
other PR inhibitors, we have analyzed the effect of known
FDA-approved inhibitors. For that purpose, cells were incu-
bated with DMSO alone, as described above, or with increas-
ing concentrations of Atazanavir, Amprenavir, Darunavir,
Indinavir, Nelfinavir, Lopinavir, Ritonavir, Saquinavir and
Tipranavir, all PR inhibitors, at a range including the most
commonly used concentrations in cell culture, but also
including low ranges not typically active in less sensitive
assays. The range chosen extended from 1 nM to 20 uM.

Darunavir and Atazanavir had the strongest effect on PR
inhibition, resulting in eGFP activation at only 1 nM. Indi-
navir and Tipranavir showed the lowest levels of reporter
activation at low concentrations, although were also observed
to induce nearly full activation at 5 uM. Interestingly, most of
the tested PR inhibitors led to increasing eGFP expression
levels at increasing concentration of inhibitor throughout the
curve, up to 20 uM, the maximal level tested, however, Lopi-
navir and Nelfinavir resulted in significant cell death around
1 uM concentration, with significant decline in the number of
eGFP positive cells as was the case for Saquinavir at 20 pM.
Overall, every inhibitor tested showed significant inhibitory
effect that resulted in the complete activation of eGFP expres-
sion in the reporter T-cell clones.

Discussion

This exemplary assay of the invention is designed to allow
for the simple screening of novel inhibitory compound or
peptide candidates in a simple flow cytometry-based plat-
form. As such, it will allow investigators to perform screening
of millions of candidates (through rational or non-rational-
based approaches) in a single experiment, enhancing high
throughput capacity. The assay described here is intended to
greatly facilitate screening for the search of novel PR inhibi-
tors in T-cells, one of the main natural targets of HIV infec-
tion. Importantly, we have established an assay whose ele-
ments can be easily transferred to other relevant cell types for
the establishment of HIV infection and the search for novel
PR inhibitors. These include cells such as macrophages or
dendritic cells.

The mean fluorescence intensity of eGFP in activated cells
steadily increased as inhibited cells continued to accumulate
higher levels of eGFP, making those cells with an inhibited
PR even more identifiable than those negative for PR inhibi-
tion.

In some aspects, analysis of a time point for the effect of an
inhibitor may be critical. Thus, choosing a time-point that is
average for all is only an estimation for the search of unknown
inhibitors.

Methods
Cloning and Vector Construction:

Gal4, PR/Gal4 and PRm/Gal4 sequences were amplified
by PCR for the production of the transient expression vectors
pcDNA-Gal4, pcDNA-PR/Gal4 and pcDNA-PRm/Gal4
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respectively. For that purpose the constructs pMA236,
pHP236 and pHP236m (Murray et al., 1993) were used as
template together with the Gal4 forward primer with extend-
ing HindI11 and NotI sites ACGCACGCAAGCTTGCGGC-
CGCCCACCATGAAGCTACTGTCTTCTATC (SEQ ID
NO:6) and the Gal4 reverse primer with extending Sall site
ATAGCTGCGTGCGTGCGTGTCGACT-
TACTCTTTTTTTGGGTTTGG (SEQ ID NO:7).

PCR products were then digested with HindIII and Sall and
ligated into pcDNA™3.1/Zeo (Invitrogen, Carlsbad Calif.).
pFR-eGFP was kindly provided by Rainer de Martin (Uni-
versity of Vienna). In short, pFR-eGFP was created by adapt-
ing the pFR-Luc vector (Stratagene, San Diego, Calif.). The
firefly luciferase gene was removed and replaced with eGFP.
For the construction of the inducible pH-TRE, pH-TRE-
eGFP pH-TRE-Gal4, pH-TRE-PR/Gal4, pH-TRE-PRm/
Gal4 vectors, a 7x tet-responsive element (TRE) was ampli-
fied from the pTRE-tight (Clontech) with the forward primer
with extending Nrul site AGCTAGCTAGCTTCGCGACAC-
GAGGCCCTTTCGTCTTCA (SEQ ID NO:8) and a reverse
primer to complementary to the Poly A signal with an extend-
ing BsrGI site CATTTTTTTCACTGCCTCGAGTGTA-
CAAGCTAGCTAGCT (SEQ ID NO:9).

The PCR product was digested with Nrul/BsrGI and
cloned into the pH-CMV-eGFP vector, (generously provided
by Gary Nolan, Stanford University, CA) to replace the origi-
nal CMV-eGFP cassette. eGFP was then amplified with a
forward primer containing an extending BamHI site, and a
reverse primer with an extending Nhel site. The eGFP insert
was then cut and ligated within the multiple cloning site of
pH-TRE. The forward Gal4 primer with an extending BamHI
site ATGCATGCGGATCCACCATGAAGCTACT-
GTCTTCTATC (SEQ ID NO:10). and the reverse primer
with an extending Nhel site GCATGCATGCTAGCT-
TACTCTTTTTTTGGGTTTGG (SEQIDNO:11). were used
to amplify the Gal4-based cassettes from pcDNA3.1-Gal4,
pcDNA3.1-PR/Gal4, and pcDNA3.1-PRm/Gal4 and insert
them into pH-TRE digested with BamHI/Nhel.

pBMN-i-mCherry was constructed by amplifying
mCherry from pmCherry-C1 (Clontech) with the forward
primer with extending Ncol site ATCGATGGATCCCCAC-
CATGGTGAGCAAGGGCGAGGAG (SEQID NO:12). and
reverse primer with extending Xhol site: ATGGACGAGCT-
GTACAAGTAACTCGAGGATCGATC (SEQ ID NO:13),
and inserting it into partially digested pPBMN-i-eGFP (Gary
Nolan, Stanford University) with Ncol/Sall. pBMN-i-
mCherry-rtTA was then constructed by removing rtTA from
the vector Tet-On® (Clontech) with EcoRI/BamHI and clon-
ing it into pBluescript-SK (Invitrogen, Carlsbad Calif.). It
was then removed with EcoRI/Xhol and ligated into pBMN-
i-mCherry.

pH-5xUAS-eGFP was constructed by digesting pFR-
eGFP with Mfel/BsrGI and ligating the SxUAS-eGFP insert
into pH-CMV-eGFP digested with Mfel/BsrGI to replace the
CMV-eGFP cassette.

Transfections:

293T cells were transfected as follows. 15 ul of 2 mg/mlL
Polyethylenimine linear 25 kD (Polysciences, Inc.) were
addedto 125 ul of DMEM in a 1.8 ml Eppendorftube. 3 ug of
each DNA was added drop-wise to each tube. Tubes were
mixed and incubated for 20 min at RT. This mixture was then
added drop-wise to 293T cells in a 10 cm plate at approxi-
mately 60-75% confluence. Cells were then analyzed by fluo-
rescence microscopy and/or flow cytometry 24 hrs post trans-
fection.
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Production of Viral Particles for Retroviral Transduction:

For the production of MLV based virus (pBMN-i-
mCherry-rtTA virus), Phoenix GP cells (Nolan Lab, Stanford
University, CA) at 50-60% confluence were transfected with
3 ug of the packaging vector (pBMN-i-mCherry-rtTA) and 3
ng of pCI-VSVg envelope vector. Media was changed after
24 hours leaving 6 mL of media (DMEM with 10% FCS,
Pen-Strep, L-Glutamine) in a 10 cm plate. At 48 hours, viral
supernatant was collected, filtered with 0.45 micron PTFE
filters (Pall Corporation) and frozen at —-80° C. in 1 mL
aliquots and frozen at —80° C.

For the production of HIV based virus (pH vectors), 293T
cells at 50-60% confluency were transfected with 3 pg pack-
aging vector (pH vectors), 2 ug pCI-VSVg, 1 ng VPR encod-
ing vector, and 3 ug pCMVAS.2 (Didier Trono, EPFL, Swit-
zerland). Media was changed at 24 hours leaving 6 mL fresh
media (DMEM with 10% FCS, Pen-Strep, L-glutamine).
Supernatant was collected at 48 hrs, filtered and collected as
described above.

Infections:

A 2 ml reaction containing 4 ul of 5 ng/ml. Polybrene
(Hexadimethrene Bromide, Sigma), S00K SupT1 cells in
RPMI (10% FCS, L-glutamine, Pen-strep) and 250 ul frozen
viral stocks was mixed, added to wells in 6-well plates, and
spun in a hanging bucket rotors Becton Dickinson centrifuge
at 1500 RPM, for 120" at 32° C. Cells were re-suspended and
placed in a 37° C. incubator for the analysis of expression at
least 72 hours post-infection.

Fluorescence Microscopy for Analysis of Expression:

Cells were analyzed by fluorescence microscopy on a Zeiss
Observer D1 microscope with a 50x lens and 40HMC filter
connected to an AXIOCAM MRm™ camera, and analyzed
on AXIO-VISION™ software. The length of exposure for
fluorescent channels was based on the exposure for the Gal4
only controls. This length was then kept constant for the
exposures of all of the other samples.

Flow Cytometry and Sorting:

Flow Cytometry was performed ona BD FACS Aria™ with
488 nm and 633 nm lasers. Data was collected on FACSDiva
6.1.1™ software and then exported to FlowlJo™. eGFP
expression was detected in the FITC channel and mCherry
expression was detected on the PE-Texas-Red channel. Cells
were first gated for size and granularity (FSC-A vs SSC-A)
followed by doublet gating (FSC-A vs FSC-W and SSC-A vs.
SSC-W). Sorted populations were gated on PE-TexasRed vs
FITC plot. 250K cells were collected for each sample into 0.5
ml fetal calf serum (FCS) and 1 mL. RPMI. Cells were then
spun down at 1500 RPM and resuspended in fresh media in
6-well plates. Cells were allowed to grow for at least seven
days to allow for expansion and loss of previously activated
eGFP expression.

Figure Legends Example 2

FIG. 19 illustrates an overview of the assay: FIG. 19A.
Wild type Gal4 as control, no Dox. Without the presence of
Dox, rtTA can not bind to the tet-responsive element (TRE)
and as a result, there is no induction of Gal4 expression.
Consequently, there is no eGFP expressed from the reporter
construct. FIG. 19B. In the presence of Dox, Gal4 expression
is induced. Gal4 then binds to the SXUAS of'the reporter gene
and activates eGFP expression. FIG. 19C. The same system
with the PR/Gal4 fusion. In the presence of Dox PR/Gal4 is
expressed; however, its catalytic activity results in the sepa-
ration of the Gal4 domains, and thus there is no yield of eGFP.
FIG. 19D. The same scenario as in C but in the presence of a
PR inhibitor. PR/Gal4 fusion with Gal4 is retained, resulting
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in the induction of eGFP expression. Same results are
expected if PR is mutated, with no additional need of PR
inhibitors.

FIG. 20 illustrates a transient expression of the assay com-
ponents in HEK293T cells. FIG. 20A schematically illus-
trates exemplary constructs used for transient expression of
the assay elements. FIG. 20B. Top Panel: Fluorescence
microscopy of eGFP expression in HEK293T cells 24 hours
post transfection with the reporter vector (pFR), or co-trans-
fection with the reporter vector plus either the Gal4, PR/Gal4,
or PRm/Gal4 vectors. Bottom panel: HEK293T cells were
analyzed by flow cytometry at 24 hours post transfection with
the same conditions top panel. Gates were drawn to determine
the ability to identify cells with an active PI. FIG. 20C. Quan-
tification of eGFP expression in HEK293T transfected with
various assay elements. The numbers of cells under various
conditions were quantified for eGFP levels indicative of PR
inhibition. Results shown are an average of 3 experiments.

FIG. 21 illustrates generation of a monoclonal T-cell line
stably expressing inducible assay elements. FIG. 21A (upper
left) schematically illustrates exemplary constructs utilized to
generate infectious particles for the transduction of SupT1
cells with the various assay elements. FIG. 21B (right) illus-
trates data from a cell sorting assay comprising: a previously
generated stable SupTl cell line expressing rtTA and
mCherry was infected with the reporter virus (generated from
pH-5xUAS-eGFP), or co-infected with the reporter virus plus
a virus encoding an inducible assay element (generated from
pH-TRE-Gal4, pH-TRE-PR/Gal4, or pH-TRE-PRm/Gal4).
Cells were then activated with either 1 pg/mL of Dox alone, or
were pre-incubated for 5 minutes with 10 uM Indinavir fol-
lowing activation with 1 ng/ml. Dox. Initial infections with
low yields (left column) were then subjected to several rounds
of'sorting on a BD FACSAria to obtain a cell population with
a higher assay response (middle column) Finally, single
SupT1 cells from the purified population were sorted into 96
well plates and grown as a monoclonal population and then
tested for optimal responses to assay induction of eGFP under
appropriate conditions. FIG. 21C (lower left) illustrates
images of fluorescence microscopy of SupT1 clones express-
ing the assay elements. Cells expressing various elements of
the assay were treated as indicated with DMSO, DMSO+1
ng/mL Dox, or 1 ul/mIl Dox+10 pM Indinavir and analyzed
24 hours later by fluorescence microscopy for mCherry and
eGFP expression. D. Quantification of eGFP expression of
clonal SupT1 cells treated with DMSO, DMSO+1 ng/mL
Dox, or 1 pg/mL Dox+10 pM Indinavir.

FIG. 22 graphically illustrates data determining the opti-
mal conditions for activating the assay to screen for PR inhi-
bition. FIG. 22A graphically illustrates a Doxycycline titra-
tion. Clonal SupT1 cells harboring an inducible Gal4,
PR/Gal4 or PRm/Gal4 were pre-incubated in a 96 well plate
with either DMSO or 10 uM Indinavir and then either left
untreated, or activated with 50, 100, 200, 500, 1000, or 20000
ng/ml of Dox. Cells were analyzed by flow cytometry and
gated to determine the number of cells positive for eGFP
expression. FIG. 22B graphically illustrates a time course of
eGFP Induction in response to Doxycyline activation in the
presence of DMSO or a PI. SupT1 clones harboring Gal4,
PR/Gal4, or PRm/Gal4 were pre-incubated in a 96 well plate
with either DMSO or 10 uM Indinavir and then activated with
1 pg/mL Dox. Cells were analyzed at either 4, 8, 12, 16, 20,
25, 50 or 75 hours by flow cytometry and gated for eGFP
positive expression.

FIG. 23 graphically illustrates data from an assay response
to existing PI’s. The selected SupT1 clone expressing rtTA
and mCherry, the SXUAS-eGFP reporter and an inducible
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PR/Gal4 were activated with 1 pg/mL and incubated with
various concentrations (1, 10, 50, 100, 500, 1000, 5000,
10000 or 20000 ng/ml.) of an FDA approved PI: Either
Amprenavir, Atazanavir, Darunavir, Indinavir, Lopinavir,
Nelfinavir, Ritonavir, Saquinavir, or Tipranavir. Cells were
then analyzed 50 hrs later for eGFP expression as determined
by flow cytometry on a BD FACSAria.

Example 3

Exemplary Assays and Multiplexed
Systems—Conditional Protease/Gal4 Fusion-Based
Systems

In alternative embodiments, the invention provides com-
positions and assays to screen for enzyme and protease
inhibitors, including viral protease inhibitors such as an HIV
protease, e.g., HIV-1 protease (PR), that can be used e.g., as
anti-viral or anti-retroviral therapy against e.g., HIV-1, or
AIDS, which remains a devastating disease. The invention
provides assays for identifying novel drugs and targets in the
fight against HIV and other diseases. The invention provides
assays for identifying novel drugs not having the side-effects
of existing drugs. The invention provides assays for identify-
ing novel drugs effective against strains resistant to known
drugs, e.g., because of the high rate of HIV mutation.

In alternative embodiments, the invention provides pro-
tease assays, e.g., HIV Protease assays, for the detection of
novel protease inhibitors (PI’s), e.g., HIV protease inhibitors,
in vivo, or in a cell such as a mammalian cell, a T cell, a
bacteria or a yeast, or in vitro. In alternative embodiments, the
invention’s assays screen for PI’s within T-cells, thus allow-
ing a search for inhibitory compounds within a realistic cel-
Iular environment and producing more reliable hits. Addition-
ally, in this embodiment the screening can concurrently reveal
the toxicity level of drug candidates on T-cells, ruling out
lethal hits.

We have engineered a clonal T-cell line with a Doxycycline
inducible PR-Gal4 fusion and a Green Fluorescent Protein
(GFP), or eGFP, reporter of its activity. Thus, in this exem-
plary assay of the invention, eGFP acts as a biosensor of PR
activity, making it ideal for flow cytometry-based screening.
Clones with the highest sensitivity, and robust, reliable and
reproducible reporter activity were tested for their ability to
detect the presence of a potent PI. The selected clones exhibit
eGFP expression in nearly 100% of the population with the
addition of every FDA-approved inhibitor tested, with sensi-
tivities ranging down to nanomolar concentrations. This
exemplary assay/platform of the invention is a High Through-
put Screening assay for Pls that can be performed in T-cells
and other mammalian cells, and can facilitate the search for
novel peptide- and chemical-compound-based Pls.

FIG. 24 schematically illustrates an exemplary assay of the
invention, a conditional Protease/Gal4 fusion-based system,
where GFP is activated only in the presence of a Protease
Inhibitor:

FIG. 24 A schematically illustrates: No doxycycline, Gal4
(DB and TA domains) cannot be expressed.

FIG. 24 B schematically illustrates: In the presence of
doxycycline: D, rtTA binds to the tet-responsive element
(TRE) and induces Gal4 expression resulting in the activation
of GFP expression.

FIG. 24 C schematically illustrates: Protease/Gal4 is
expressed; however, its catalytic activity results in the sepa-
ration of the Gal4 domains, resulting in the lack of GFP
expression.
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FIG. 24 D schematically illustrates: In the presence of a
protease inhibitor (PI), the PR/Gal4 fusion remains intact,
resulting in the induction of GFP expression. The same result
is expected with an inactive mutant PR.

Transient Assay in Mammalian Cells:

FIG. 25 schematically illustrates exemplary plasmids of
the invention for transfection in HEK293T cells;
PRm=inactive mutant (D25A). the plasmids are named, from
top to bottom of the figure: “pFR-GFP”; “pGal4”; “pPRm/
Gal4”; and “pPR/Gal4”.

FIG. 26 illustrates data from a fluorescent cell sorting
assay, a FACS, showing that GFP is expressed only with the
addition of an active PI.

FIG. 27 graphically summarizes the data analysis for 24 h
post transtection: FIG. 27A. Fluorescence microscopy; FI1G.
27B. Flow cytometry; FIG. 27C Quantification of Flow data;
PI=10 uM Indinavir.

FIG. 28 illustrates data: the y axis is: % GFP+cells; the x
axis is +FRGFP; for each of the paired columns the left
column is control and the right column is with inhibitor; the
first lane (no columns) is mock run; the second column pair is
negative control; the third column pair is “pGald”; the fourth
column pair is “pPRm/Gal4”; and the fifth column pair is
“pPR/Gal4”.

Stable T Cell Clones:

FIG. 29 illustrates constructs used for the generation of
retroviral particles.

FIG. 30 illustrates plasmids for production of retroviral
infectious particles.

FIG. 31 illustrates data from a cell sorting assay where
clones were screened for the highest responsiveness to Dox
and PI; where the Gal 4 row shows that Tet inducible activa-
tion is very tight; the pPRm row shows that the mutant is
inactive; the PR row shows that PR/Gal4 clones exhibit ~90%
activation with <1% background. Dox=1 pg/ml. Doxycy-
cline; PI=10 uM Indinavir.

FIG. 32 graphically illustrates GFP expression in selected
clones, where the data demonstrates that stable T-cell clones
robustly report PR Inhibition.

Optimization of PI Screening Conditions:

FIG. 33 graphically illustrates Doxycycline Titration—
pre-incubation of clonal SupT1 cells with DMSO or 10 uM PI
(Indinavir), where the data demonstrates that activation is
saturated around 1 pg/mlL.

FIG. 34 graphically illustrates the Time Kinetics of the
assay in 96-well plates: Pre-incubation of clonal SupT1 cells
with 10 pM PI (Indinavir)}—control is no Dox with
test=Activation at 1 mg/ml. Dox, where the data demon-
strates that activation of clones reaches max around 48 hrs.

Assay Response to FDA-Approved Pls:

FIG. 35 graphically illustrates data from incubating clonal
T-cell lines with various concentrations of PI’s: activation
with 1 pg/ml. Dox; analyzed 50 hrs later by flow cytometry,
where the data demonstrates that at the nanomolar range, the
clonal T-cell line shows PR inhibition of every FDA-ap-
proved PL

Example 4

Cell-Based Assays for the Identification of
Compositions that Inhibit Envelope Processing

In alternative embodiments, the assay screens ER/Golgi-
localized random peptide libraries for anti-virals and/or
inhibitors of furins or similar assays.

FIG. 36 schematically illustrates the HIV-1 genome and
proteome, and the role of furin, PC-1 and similar host pepti-
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dases—the enzymes targeted for inhibition by assays of this
invention. Post translational processing of the viral proteome
includes cleavage by both viral and host cell proteases; and
assays of the invention can identify inhibitors of both viral
and host cell proteases. Viral proteins are processed by the
HIV-1 protease with the exception of gp120/gp41.

FIG. 37 schematically illustrates an exemplary assay of the
invention. FIG. 37 Right panel: when furin, or similar pro-
teinases are blocked or inhibited, the scaffold protein is not
cleaved and thus is retained in the ER. FIG. 37 Left panel: If
cleaved, the scaffold travels to the cell surface leaving the
KDEL sequence behind. This can recognized by flow cytom-
etry, e.g., a FACS, or by using a high throughput screen, or
using microscope visualization, which can be automated. The
cleaved scaffold will travel from the ER through the trans-
Golgi network and to the cell surface, allowing recognition by
flow cytometry. Right panel: The scaffold will be retained in
the ER through KDEL when cellular peptidases such as Furin
are blocked or inhibited, e.g., by peptides or small molecules
identified using assays of this invention.

FIG. 38 schematically illustrates constructs for assays of
the invention: two retroviral vectors are illustrated: Top: Scaf-
fold construct: the ER-signal sequence followed by the FLAG
tag for detection by flow cytometry are fused to two trans-
membrane domains (TMs) from the CCRS5 receptor. Follow-
ing the TMs, the scaffold contains the gp120/41 boundary that
includes the cleavage site. The sequence KRRV-
VQREKRAVGIGAL (SEQ ID NO:18) (which are residues
two (2) to eighteen (18) of SEQ ID NO:14, or AKRRV-
VQREKRAVGIGALF) is taken from the HXB2 HIV-1
strain. Importantly, the KDEL (SEQ ID NO:1) ER-retention
sequence, at the C-terminus of the construct, will allow local-
ization in the ER lumen through KDEL receptors. Bottom:
the back-bone of the peptide library is fused to the KDEL
sequence and linker to allow flexibility within the ER lumen.
In one embodiment, while the scaffold can be detected by
fluorescence (mCherry), the library can be selected with blas-
ticidin.

FIG. 39 graphically illustrates flow cytometry data from a
FLAG detection assay of the invention: SupT1 cells were
stained with anti-FLLAG antibodies and detected by flow
cytometry. Left: Control naive cells. Right: Cells expressing
FLAG-tagged CCRS.

FIG. 40 schematically illustrates an exemplary screening
process for an assay of the invention: In this embodiment,
SupT1 cells expressing the scaffold (mCherry positive) are
transduced with the retroviral random peptide library local-
ized to the ER-trans-Golgi apparatus. Cells expressing pep-
tides (blasticidin resistant) are selected. In one embodiment,
cells are analyzed by flow cytometry to detect the loss of
FLAG cell-surface expression. In one embodiment, these
cells are sorted and amplified. In one embodiment, the pep-
tide sequence are rescued by genomic PCR and analyzed for
its effects on envelope processing.

FIG. 41 schematically illustrates construction of a random
peptide library used in an alternative embodiment of the
invention. In one embodiment, preparation of random peptide
library insert utilizes an NNK motif to minimize stop codons
and preserve complexity of the peptide library. CCACCATG
(NNK)nTGA is (SEQ ID NO:19); and in one embodiment,
these sequences contain a Kozak sequence (or Kozak consen-
sus sequence, Kozak consensus or Kozak sequence, is a
sequence which occurs on eukaryotic mRNA and plays a
major role in the initiation of the translation process).

FIG. 42A illustrates exemplary library inserts to corrobo-
rate quality, clones were sequenced to confirm their random-
ness; FIG. 42B illustrates an electrophoresis analysis.
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Exemplary assays of the invention are constructed in
T-cells to facilitate the identification of novel drugs targeting
viral envelope processing. Assays of the invention represent a
novel way to monitor processing by ER-trans-Golgi resident
peptidases. As such, assays of the invention enable both the
search for novel inhibitors, and further help elucidate mecha-
nisms of protein cellular membrane transport. In alternative
embodiments, assays of the invention are used to screen ran-
dom peptide libraries and/or small molecule libraries for the
discovery of possible novel inhibitors that will target gp160
processing rather than Furin activity.

Example 5

Exemplary Assays and Multiplexed Systems of the
Invention

In alternative embodiments, the invention provides multi-
plexed systems and platforms to screen for enzyme, e.g.,
protease, inhibitors, including viral protease inhibitors such
as an HIV protease, e.g., HIV-1 protease (PR), that can be
used e.g., as anti-viral or anti-retroviral therapy against e.g.,
HIV-1, or AIDS. The invention provides multiplexed systems
and platforms identifying novel drugs and targets in the fight
against HIV and other diseases. The invention provides mul-
tiplexed systems and platforms for identifying novel drugs
not having the side-effects of existing drugs. The invention
provides multiplexed systems and platforms for identifying
novel drugs effective against strains resistant to known drugs,
e.g., because of the high rate of HIV mutation.

This example describes an exemplary cell-based multiplex
assay of the invention for the discovery of Flaviviridae pro-
tease inhibitors. We established a cell-based assay to monitor
the catalytic activity of HIV-1 protease in T-cells. Here, we
are adapting an exemplary cell-based assay of the invention as
an assay for proteases of the Flaviviridae family of viruses,
e.g., including Hepatitis C Virus (HCV), Dengue Virus
(DenV), West Nile Virus (WNV), and Yellow Fever Virus
(YFV), which cause liver cancer, Dengue fever and other
syndromes, meningitis/encephalitis, and hemorrhagic fever,
respectively.

Flaviviridae rely on the processing of their proteome. Our
assay is based on the inducible expression of the viral Pro-
tease/s as a (Gal4-DNA-binding-Domain/-Transactivation-
Domain fusion, and the activation of the reporter Green Fluo-
rescence Protein (GFP). As active Protease cleaves itself from
the Gal4 fusion, GFP induction occurs only when Protease is
inhibited, thus acting as a biosensor for Protease activity. The
assay has been adapted to hepatocytes, mimicking the natural
milieu of HCV infection. Human hepatocytes or monkey
Vero cells are used as tissue-culture models for DenV, WNV
and YFV infection.

In one embodiment, we engineered a set of genetically
bar-coded cell lines inducible by the reverse tetracycline
transactivator system, and carrying GFP under the Gal4 pro-
moter. We engineered Gal4/NS3/NS4A for HCV and Gald4/
NS2B/NS3 for DenV, WNV, and YFV; each expressed in a
distinct bar-coded cell-line. A mixed population thus includes
different fluorescent background, but results in GFP expres-
sion only when induced and inhibited. An exemplary multi-
plexed cell-based platform of the invention enables us to
monitor the inhibition of each distinct protease independently
in the same sample, drastically enhancing high-throughput
capabilities for drug discovery.

In one embodiment, we adapted a cell-based assay previ-
ously developed for HIV-1 protease to the Flaviviridae family
of viruses, including HCV, DenV, WNV and YFV, to an
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exemplary cell-based multiplex assay. This exemplary cell-
based multiplex assay is thus adapted to hepatocytes, a model
that serves many of the Flaviviridae (although the cell-based
multiplex assays of the invention are not limited to any par-
ticular cell type). We engineered a set of genetically bar-
coded cells, each expressing a different fluorescent protein.
The analysis of GFP expression serves as biosensor for pro-
tease of multiple viral proteases in the same sample. Multi-
plexing genetically bar-coded cells streamlines the high
throughput capabilities of the assay, rendering it a powerful
platform for drug discovery which will facilitate the screen-
ing and identification of novel drugs targeting these viral
proteases. Moreover, this cell-based multiplex assay of the
invention facilitates the study of the proteases and their
dependence on co-factors.

Assays for HIV-1 were done as described e.g., in Hilton B
J, Wolkowicz R (2010), PLoS ONE 5(6):e10940; Jun. 3,
2010; see also FIG. 43 (sheet 46), a schematic overview of
this exemplary assay.

FIG. 43 A. Wild type Gal4 as control, no Dox. Without Dox,
rtTA cannot bind to the Tet-responsive element (TRE) thus
Gal4 is not expressed and, consequently, neither is GFP.

FIG. 43B. In the presence of Dox (blue diamond). Gal4 is
expressed, and binds the Upstream Activating Sequence
(5xUAS), activating GFP expression.

FIG. 43C. The PR/Gal4 fusion-based system. In the pres-
ence of Dox PR/Gal4 is expressed; however, its catalytic
activity results in the separation of the Gal4 domains, and
thus, no GFP expression.

FIG. 43D. Same scenario as in C but in the presence of PI
(yellow circles). PR/Gal4 fusion remains intact, resulting in
the induction of GFP expression.

FIG. 44 (sheet 47) schematically illustrates an exemplary
FACS analysis of selected clones. FACS data from clonal
populations selected as described previously (Hilton et al.,
PLoS ONE 5(6):10940, supra). Gal4 and non-functional
protease mutant (PRm) are used as controls. Induced (Dox)
with/out the FDA-approved inhibitor Indinavir (IDV), were
used to confirm the efficacy of the assay.

This exemplary multiplexed assay was adapted for Fla-
viviridae proteases: FIG. 45 (sheet 48) schematically illus-
trates Gal4/Protease Fusion Constructs:

FIG. 45A. Schematics of the retroviral constructs contain-
ing the Gal4/PR (pH-TRE-PR), and Gal4/PRm (pH-TRE-
PRm) and Gal4 controls (pH-TRE-Gal4) used in the HIV-1
assay. Each construct contains 7xTRE, mCMYV promoter, and
5'and 3' Long Terminal Repeats (LTR).

FIG. 45B. Upper diagram. The DenV, WNV, and YFV
proteomes with the viral Non-Structural Protein 3 (NS3) Pro-
tease, and required cofactor NS2B in red. Also depicted the
Gal4/NS2B/NS3 fusion with wild-type cleavable (green), or
mutated non-cleavable sites (crimson).

FIG. 45C. As in the upper diagram, but for the HCV pro-
teome showing also the required cofactor NS2 and NS4A
cofactors in red. Similarly, the Gal4/NS3/NS4A fusions with
the cleavable and non-cleavable sites are depicted.

FIG. 46 (sheet 49) schematically illustrates an exemplary
multiplexing of an assay of the invention; FIG. 46 schemati-
cally illustrates exemplary bar-coded cell lines of the inven-
tion.

FIG. 46 A: schematically depicts four distinct cell popula-
tions bar-coded with different combinations of mCherry and
CFP fluorescent proteins. The distinct populations can be
mixed in one tube, and analyzed by flow cytometry.
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FIG. 46B: schematically illustrates an example of how
each of the cell lines in the mixed population can be individu-
ally recognized by de-convolution, and analyzed for GFP
expression.

FIG. 47 (sheet 50) schematically illustrates an exemplary
multiplexing of an assay of the invention in hepatocytes,
including bar-coded Huh 7.5.1 hepatocytes and constructs.

FIG. 47A. Left flow cytometry panel shows an overlay of
naive (black), mCherry fluorescent (red), and CFP fluorescent
(blue) cells. The right panel shows an overlay of naive (black)
and E2-Crimson fluorescent (darker red) cells.

FIG. 47B. Schematics of the retroviral bar-coding con-
structs containing an Internal Ribosome Entry Site (IRES) for
dual expression. Cells are infected with VSV-G pseudo-typed
virus produced by Phoenix GP (Nolan Lab, Stanford Univer-
sity) cell lines.

FIG. 48 (sheet 51) schematically illustrates an exemplary
multiplexing of an assay of the invention in hepatocytes, in
particular, using constructs in Huh 7.5.1 Cells. Cells express-
ing rtTA and SxUAS-GFP are being developed. In contrast to
the HIV-1 assay, the Lyt-2 receptor (mouse CD8a) is used as
reporter for rtTA expression to free the channel for mCherry.

FIG. 48A. The left plot shows an overlay of naive (black)
and Lyt-2-expressing (orange) cells (stained with a-CD8a-PE
coupled antibody). The right plot shows UAS-GFP-express-
ing cells (green) upon Gal4 transfection (originated from the
same rtTA-expressing cells).

FIG. 48B. Retroviral 5xUAS-GFP and rtTA constructs.
The UAS-GFP construct contains the SxUAS with a minimal
mCMYV promoter followed by GFP. The rtTA construct con-
tains the rtTA, and an IRES-Lyt2 cassette. Cells are infected
as previously described.

FIG. 49 (sheet 52) schematically illustrates data from an
exemplary multiplexed assay of the invention where cells are
genetically bar-coded, that is engineered to express a distinct
fluorescent protein or a combination of them (mCherry, CFP
as examples). As they are genetically ‘marked’ and distinct,
they can be mixed and analyzed by FACS or other technique.
In the example, blue (CFP) and red (mCherry) can analyze for
green (GFP). These cells are negative for GFP.

FIG. 50 (sheet 53) schematically illustrates data from an
exemplary multiplexed assay of the invention where cells are
genetically bar-coded, as explained above, that is engineered
to express a distinct fluorescent protein or a combination of
them (mCherry, CFP as examples). As they are genetically
‘marked’ and distinct, they can be mixed and analyzed by
FACS or other technique. A screen for inhibitors of proteases
can be performed with one sample. This sample can include
an enzyme or protease, e.g., an HIV protease (e.g., an HIV-1
PR), or enzymes and/or proteases of different viruses, same
viruses but different variants or mutants, genotypes from the
same virus or a combination of the above. A screen for
enzyme or protease (e.g., HIV, HIV-1, PR) inhibitors, utiliz-
ing an exemplary assay of this invention can facilitate the
discovery of inhibitors and/or competitors (e.g., agonists or
antagonists) of any of the enzymes or proteases or any com-
bination of them. This will be seen as green fluorescence
(GFP). By de-convoluting one can go back to the red and blue
expression channels and discover what is the origin of the
green cells.

A number of embodiments of the invention have been
described. Nevertheless, it will be understood that various
modifications may be made without departing from the spirit
and scope of the invention. Accordingly, other embodiments
are within the scope of the following claims.
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 14

<210> SEQ ID NO 1

<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic peptide

<400> SEQUENCE: 1

Lys Asp Glu Leu
1

<210> SEQ ID NO 2

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic peptide

<400> SEQUENCE: 2

Ala Thr Ile Met Met Gln Arg Gly Asn
1 5

<210> SEQ ID NO 3

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic peptide

<400> SEQUENCE: 3

Ala Lys Arg Arg Val Val Gln Arg Glu Lys Arg
1 5 10

<210> SEQ ID NO 4

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic peptide

<400> SEQUENCE: 4

Ala Val Gly Ile Gly Ala Leu Phe
1 5

<210> SEQ ID NO 5

<211> LENGTH: 78

<212> TYPE: PRT

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic polypeptide

<400> SEQUENCE: 5

Ala Glu Ala Met Ser Gln Val Thr Asn Ser Ala Thr Ile Met Met Gln
1 5 10 15

Arg Gly Asn Phe Arg Asn Gln Arg Lys Ile Val Lys Cys Phe Asn Cys
20 25 30

Gly Lys Glu Gly His Thr Ala Arg Asn Cys Arg Ala Pro Arg Lys Lys
35 40 45

Gly Cys Trp Lys Cys Gly Lys Glu Gly His Gln Met Lys Asp Cys Thr
50 55 60

Glu Arg Gln Ala Asn Ala Thr Ile Met Met Gln Arg Gly Asn
65 70 75
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<210> SEQ ID NO 6

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic peptide

<400> SEQUENCE: 6

Arg Glu Lys Arg Ala
1 5

<210> SEQ ID NO 7

<211> LENGTH: 45

<212> TYPE: DNA

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic oligonucleotide

<400> SEQUENCE: 7

atagctgegt gegtgegtgt cgacttacte tttttttggg tttgg

<210> SEQ ID NO 8

<211> LENGTH: 39

<212> TYPE: DNA

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic oligonucleotide

<400> SEQUENCE: 8

agctagctag cttegegaca cgaggeectt tegtcettea

<210> SEQ ID NO 9

<211> LENGTH: 39

<212> TYPE: DNA

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic oligonucleotide

<400> SEQUENCE: 9

cattttttte actgectega gtgtacaage tagctaget

<210> SEQ ID NO 10

<211> LENGTH: 38

<212> TYPE: DNA

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic nucleotide

<400> SEQUENCE: 10

atgcatgcegyg atccaccatg aagctactgt cttctatc

<210> SEQ ID NO 11

<211> LENGTH: 35

<212> TYPE: DNA

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic oligonucleotide

<400> SEQUENCE: 11

gecatgcatge tagcttacte tttttttggg tttgg

<210> SEQ ID NO 12

<211> LENGTH: 38

<212> TYPE: DNA

<213> ORGANISM: artificial sequence
<220> FEATURE:

45

39

39

38

35
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-continued

<223> OTHER INFORMATION: synthetic nucleotide
<400> SEQUENCE: 12

atcgatggat ccccaccatg gtgagcaagg gcgaggag

<210> SEQ ID NO 13

<211> LENGTH: 35

<212> TYPE: DNA

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic nucleotide

<400> SEQUENCE: 13

atggacgagce tgtacaagta actcgaggat cgatc

<210> SEQ ID NO 14

<211> LENGTH: 19

<212> TYPE: PRT

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic peptide

<400> SEQUENCE: 14

38

35

Ala Lys Arg Arg Val Val Gln Arg Glu Lys Arg Ala Val Gly Ile Gly

1 5 10

Ala Leu Phe

15

What is claimed is:
1. A cell-based method for monitoring the activity of an
HIV-1 protease comprising:

(1) (a) providing a nucleic acid encoding a scatfold protein
operatively linked to a transcriptional regulatory unit,
wherein the scaffold protein comprises:

(1) an amino acid motif or subsequence susceptible to
cleavage by the HIV-1 protease under physiologic (cell
culture) conditions comprising SEQ ID NO:3 or SEQ ID
NO:4;

(ii) a transmembrane domain;

(iii) a signal sequence or any amino acid motif that places
the scaffold protein on the extracellular surface of the
cell; and

(iv) a detectable moiety,

wherein the amino acid motif or subsequence susceptible
to cleavage by the HIV-1 protease is positioned within
the scaffold protein such that when the detectable moi-
ety is cleaved away from (off from) the scaffold protein
by the HIV-1 protease the remaining subsequence of
scatfold protein on the extracellular surface of the cell
lacks the detectable moiety;

(b) providing a nucleic acid encoding the HIV-1 protease
operatively linked to a transcriptional regulatory unit, or
a cell that expresses a heterologous or endogenous form
of'the HIV-1 protease;

(c) inserting (transfecting) the nucleic acid of (a) and (b)
into the cell if the cell does not already express a heter-
ologous or endogenous form of the HIV-1 protease;

(d) co-expressing the nucleic acid of (a) and (b) in the cell,
or expressing the nucleic acid in the cell if the cell
already expresses a heterologous or endogenous form of
the HIV-1 protease; and

(e) determining whether the scaffold protein comprising
the detectable moiety is expressed on the extracellular
surface of the cell,
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wherein an intact scaffold protein comprising the detect-
able moiety is expressed on the extracellular surface of
the cell when the HIV-1 protease is not enzymatically
active, and an intact scaffold protein is not or is substan-
tially less expressed on the extracellular surface of the
cell when the enzyme is enzymatically active.

2. An isolated, recombinant or synthetic nucleic acid

encoding a chimeric scaffold protein,

wherein the nucleic acid is operatively linked to a tran-
scriptional regulatory unit,

and wherein the chimeric scaffold protein comprises:

(1) (a) (1) an amino acid motif or subsequence susceptible
to cleavage by an HIV-1 protease under physiologic (cell
culture) conditions, wherein the motif comprises SEQ
ID NO:3 or SEQ ID NO:4,

(ii) a transmembrane domain;

(iii) a signal sequence or any amino acid motif that places
the chimeric scaffold protein on the extracellular surface
of the cell; and

(iv) a detectable moiety;

wherein the chimeric scaffold protein comprises an endo-
plasmic reticulum (ER) retention motif ora KDEL (SEQ
1D NO:1) motif,

wherein the ER retention motif or KDEL (SEQ ID NO:1)
motif is positioned in the chimeric scaffold protein such
that when the HIV-1 protease is active the chimeric
scaffold will be separated into two pieces, leaving the
ER retention motif-comprising or KDEL (SEQ ID
NO:1) motif-comprising portion of the polypeptide in
the ER and freeing the detectable moiety-comprising
portion to the cell’s extracellular membrane, and if the
HIV-1 protease is blocked or inactive, the entire chi-
meric scaffold polypeptide will be retained in the ER,
and as a consequence will not be detected on the cell’s
extracellular surface.

3. A chimeric polypeptide encoded by the isolated, recom-

binant or synthetic nucleic acid of claim 2.
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4. The cell-based method of claim 1, wherein the amino
acid motif or subsequence susceptible to cleavage by the
HIV-1 protease under physiologic or cell culture conditions
comprises SEQ ID NO:3.

5. The cell-based method of claim 1, wherein the HIV-1
protease comprises SEQ ID NO:5 or SEQ ID NO:6.

6. The cell-based method of claim 1, wherein the chimeric
scatfold protein further comprises a cytoplasmic loop.

7. The cell-based method of claim 1, further comprising
screening for an inhibitor of the enzyme by:

(a) providing a compound to be screened as an inhibitor of
the enzyme, or providing a nucleic acid to be screened as
encoding an inhibitor of the enzyme;

(b) contacting a plurality of the cells with the compound or
nucleic acid either before, during and/or after the co-
expressing the nucleic acid in the cell; and

(c) determining whether the chimeric scaffold protein
comprising the detectable moiety is expressed on the
extracellular surface of the cell,

wherein an intact chimeric scaffold protein comprising the
detectable moiety is expressed on the extracellular sur-
face of the cell when the enzyme, is inhibited by: the
compound, a composition encoded by the nucleic acid,
or a compound present in the cell only because the
nucleic acid was expressed, and an intact chimeric scaf-
fold protein is not or is substantially less expressed on
the extracellular surface of the cell the enzyme, is

enzymatically active, and the enzymatic activity of the
enzyme, is not significantly inhibited by: the compound,
a composition encoded by the nucleic acid, or a com-
pound present in the cell only because the nucleic acid
was expressed.

8. The cell-based method of claim 1, further comprising
running a negative control comprising dividing the plurality
of'the cells co-expressing the nucleic acid of (a) and (b) in the
cell and not adding the compound to be screened as an inhibi-
tor to one of the divided cell samples.

9. The cell-based method of claim 1, further comprising
running a positive control comprising dividing the plurality of
the cells co-expressing the nucleic acid of (a) and (b) in the
cell and adding a known inhibitor of the enzyme, to one of the
divided cell samples.
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10. The cell-based method of claim 1, wherein the tran-
scriptional regulatory unit comprises a promoter, an inducible
promoter or a constitutive promoter.

11. The cell-based method of claim 1, wherein the cell is a
mammalian cell, a monkey cell or a human cell, or a lympho-
cyte or a hepatocyte, ora T cell,

and optionally the cells are genetically bar-coded.

12. The cell-based method of claim 1, wherein the chimeric
scaffold protein comprises all or part of a mouse Lyt2 or a
human CDS8 polypeptide.

13. The cell-based method, of claim 1, wherein the detect-
able moiety comprises an epitope for an antibody, or a FLAG
tag.

14. The cell-based method of claim 1, wherein the detect-
able moiety is detected or measured on the extracellular sur-
face of the cell by a high throughput screen, a plate-reader, a
flow cytometry or microscope visualization.

15. The cell-based method of claim 1, wherein the com-
pound to be screened as an inhibitor of the enzyme: comprises
a small molecule, a nucleic acid, a polypeptide or peptide, a
peptidomimetic, a polysaccharide or a lipid; is a member of a
library of compounds to be screened, or is a member of a
random peptide library or a chemical compound library.

16. The cell-based method of claim 1, wherein two or more,
or a plurality of, enzymes are screened in the same cell,

and wherein optionally the enzyme or enzymes are variants

of the same enzyme or a different enzyme or a combi-
nation thereof.

17. The isolated, recombinant or synthetic nucleic acid of
claim 2, wherein the scaffold protein comprises all or part of
a mouse Lyt2 or a human CDS polypeptide.

18. The isolated, recombinant or synthetic nucleic acid of
claim 2, wherein the detectable moiety comprises an epitope
for an antibody, or a FLAG tag.

19. The cell-based method of claim 6, wherein a p2/p7
recognition site is imbedded in the cytoplasmic loop of the
chimeric scaffold protein.

20. The cell-based method of claim 19, wherein the a p2/p7
recognition site comprises SEQ ID NO:2 or SEQ ID NO:5.
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